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PROJECT OVERVIEW AND RATIONALE

We investigatedtheeffectsofdredgedmaterialplacementareas(DMPAs) on theecology

ofthe federally-threatenedPipingPlover(Charadriusmelodus)(U.S. FishandWildlife

Service1985)andtheSnowyPlover(C. alexandrinus).SnowyPloversarenot currently

listed asthreatenedorendangeredin Texas,however,the Pacific Coastpopulationwas

recentlyprotectedundertheEndangeredSpeciesAct (U.S.FishandWildlife Service

1993). Furthermore,the TexasGulfCoastSnowyPloverpopulationis threatenedby

manyofthesamefactorsthat requiredthelisting of thePacificCoastpopulation(e.g.,

humandisturbance,nestfailure resulting from anthropogenically-expandedpredator

populations,habitatdestructionandalteration,seeU.S. FishandWildlife Service1993,

Pageet al. 1995)(Zonick 1996, 1997).



Understandinghow Piping andSnowyPloversusecoastalhabitatsthat areinfluencedby

DMPAs might substantiallyreducethepotentiallydetrimentaleffectsofdredgedmaterial

to thesespecies.Furthermore,if managedwisely, DMPAs might offer habitatfor oneor

bothofthesespecies.

\Veusedradiotelemetryandcolor-bandingtechniquesto study thefollowing aspectsof

PipingandSnowyPloversecologyalongtheTexaslowerLagunaMadrefrom August

1997 - May 1998.

I. Locationsandmicrohabitatcharacteristicsof ploverroostingsites.

Radiotelemetrycanprovidea usefultool for identifying roostsitesusedby Pipingand

SnowyPlovers. Although a fewregularlyusedroost locationshavebeenidentified

(Zonick 1994, 1996, 1997a),andthesesitesareusedby largegroupsofplovers,many

more roostsitesundoubtedlyexistbut haveyet to bemapped.Degradationof roostsites

canhavenegativeimpactson shorebirduseofanareacausingbirds to stopusing

adjacentforagingareas(Burton et al. 1996). Therefore,protectionofroostsitesmay

play an importantrole in theconservationof both species.Additionally, identifying

thesesiteswill preventtheirlossdueto unguidedplacementofdredgedmaterialand/or

otheranthropogenicactivities. We investigatedroostingecologyof Piping andSnowy

Ploversby observingmarkedandunmarkedplovers,andrecordinghabitatand

environmentalparametersmostlikely to affectploverroostingbehavior(e.g.,

macrohabitatandmicrohabitatfeaturesofroostsites,bayshoretidal amplitudeand

distanceto water).

2. Home rangesand sitefidelity of ploversthroughoutthewinter period.

Winter Home Range.

TheLagunaMadr&s wind-tidal flat systemappearsexpansive;however,this maynotbe

thecase.Tidal shifts causedby thepassingofwintercold frontsmaycauseploversand

otherbirdsto cycleamongmultiple sitesthroughoutthenonbreedingperiod. Only a

fractionoftheseeminglyvastwind-tidal flat systemmayprovidesuitableshorebird

habitatat any giventime. Shorebirdscandepletetheavailablefood resourceswithin
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localizedareason non-breedinghabitats(Goss-Custard1977,Evanseta!. 1979,

SchneiderandHarrington1981,Myers 1983,Withers 1994). Shorebirdmovements

occur in responseto unpredictablelocal prey populations(PienkowskiandClark 1979,

Myers 1983),tidal conditions(Burgeret al. 1977,Zonick 1994, 1996)or otherfactors

that affect foodavailabilityor theavailability of suitableroosthabitat(Burton etal

1996). Hypersalinity,wind-tides,andthepresenceofbroadmainlandtidal flats are

amongthefeaturesthat characterizebayshorehabitatin theLagunaMadreecosystem

anddistinguishtheLagunaMadrefrom otherbaysalongtheTexascoast. Thesefactors

alsoinfluencepreyavailability to plovers. Forexample,Zonick (1996)reportedprey

densityto be substantiallylower atmanyof theLagunaMadretidal flats usedby Piping

Ploversrelativeto tidal flats usedby ploversalongthecentralandupperTexasCoast

(Zonick 1996). We predictedploverswould exhibitbroadwintermovementsin response

to thesporadicavailability of foragingand/orroostsitesin the lower LagunaMadre. We

determinedhomerangesize(i.e., theamountofareabirds usedthroughouttheduringthe

periodtheyweremonitored)ofPiping Ploversby monitoringmovementsofradio-fitted

andcolorbandedbirds.

SiteFidelity. Anotherquestionassociatedwith thesespeciesis thedegreeto which they

exhibit site fidelity (remainingin aspecifiedarea)throughoutthenonbreedingseason.

Determiningthedegreeto which PipingPloversexhibitsite fidelity will enhancethe

interpretationofplovercensusdata,andhelpappraisetheextentto which local plover

populationsmight beaffectedby the lossor degradationofwinter sites. Tidal flats along

theTexasCoasthavebeendirectly impactedin areaswheredredgedmaterialhasbeen

depositedonto tidal flats orerodedonto adjacenttidal flats. DMPAs impacttidal flat

habitatsbothdirectly andindirectly by prohibitinga normaltidal regimeofinundation

andexposure,resultingin vegetatedareas. Characterizingthehabitatuse,site fidelity,

andmovementsof radioedandcolor-bandedploversprior to alterationof tidal flatsis

andimportantstep in determiningtheeffectsof winterhabitatslossto Piping Plover

populations. Similarstudiescompletedafteralterationoftidal flats wouldprovide

comparativedatato analyzeimpactsof alteration. Monitoringmovementsof radio-fitted

PipingPloversallowedusto addressthis goal.
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3. DMPAs as nestingsitesfor Snowy Ploversand membersof the Flat Nesting

Guild.

Snowy PlovernestinghabitatalongtheTexasCoasthasbeendescribedaswind-tidal

flats andrelatedhabitatsthatexhibit scattered,sparsevegetation,that arerarelyflooded,

with preferencefor flatsandshorelineslocatednearbroad,shallowpoolsof water(Page

andStenzel1981,Zonick 1994,Zonickl996). This habitatdescriptionincludesmost

washoverpasses,bayshoretidal flats, andlagoons,but alsoextendsbeyondnatural

habitatsto includemanyman-madeimpoundmentsand basins,includingDMPAs.

SnowyPlovershavebeenobservednestingat DMPAs (Zonick 1996). In fact, aguild

including severalspeciesof shorebirdsandotherbirds with similar habitatrequirements

is regularlyassociatedwith DMPAs andDMPA-like habitat. Theguild, describedasthe

flat-nestingguild (FNG; Zonick 1996)becauseof the link betweenthis guild andtidal

flat-associatedhabitat,includesspeciessuchastheLeastTern (Sternaantillarum),

SnowyPlover,Wilson’s Plover(Charadriuswilsonia), Killdeer (C. voc~ferus),Black

Skimmer(Rynchopsniger), Black-neckedStilt (Himantopusmexicanus),American

Avocet(Recurvirostraamericana),andHornedLark (Eremophilaalpestris). Severalof

thesespecies(e.g., SnowyPlover, LeastTern,Wilson’s Plover, HornedLark) havebeen

identifiedas“priority species”by TexasPartnersin Flight (TPIF; 1996). TPIF

distinguishedthesebirds asspeciesthat deserveveryhigh concernandarelikely in need

ofmanagementand/ormonitoring.

We investigateduseofDMPAs andotherman-madehabitatswith similar designs(e.g.,

coolingponds,settlingponds)by SnowyPloversandtheFNG. We reportfactorsthat

weremoststrongly associatedwith nestingbirds atthesehabitats,andproposefeatures

that might be optimized to enhanceexistingDMPAs asFNG habitat.

STUDY AREA

Most researchpresentedin thisreportwasconductedalongthe lowerLagunaMadrein

CameronandWillacy Counties. Themajority ofradiotelemetryworkwasconductedon

South PadreIsland,however,datawere collectedat otherlocationsincludingwetlands
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associatedwith SouthBay, BrazosIsland,LagunaAtascosaNationalWildlife Refuge

andmainlandtidal flatsadjacentto theLagunaMadre. We conductedresearch

addressinguseofDMPA habitatby SnowyPloversandFNG coloniesat numeroussites,

all ofwhich occurredsouthof CopanoBay.

METHODS

Movement Patterns and RoostingEcology.

Initially, weproposedto useSnowyPloversasa surrogatespeciesto describetheeffects

of dredgedmaterialon Piping Plovers. Pipingand SnowyPloversexhibit relatively

broadnicheoverlap,oftenforagingandroostingtogetherin mixed flocks (Zonick 1994,

1996),therefore,this approachwasjustifiable. However,aftermodifying ourbanding

andradio-fittingmethodsto reducethelikelihood ofadverselyaffectingbirds, we were

permittedby theU.S. FishandWildlife ServiceandTexasParksandWildlife

Departmentto work directlywith Piping Plovers. In addition,webandedandradio-fitted

SnowyPloversduring theproject,however,mostofourefforts weredirectedattrapping

andmonitoringPiping Plovers.

Wecapturedploversusing leg-holdnoosemats(Bub 1991)andmistnetsfrom January

1997 - February1998primarily on SouthPadreIsland. Eachbird wasbandedwith a

uniquecolorbandcombinationthat includedared/whitebi-coloredidentifierbandand2

additionalcolor bands.In additionto color bands,wealsobandedSnowyPloverswith a

stainlesssteelU.S. FishandWildlife Serviceband. To reducethepotentialfor band-

inducedleg injuries, wedid not usemetalbandson Piping Plovers. Furthermore,we did

not stackcoloredlegbandsandavoideduseof flaggedbandsto furtherreducetherisk of

band-relatedinjuries.

We fitted Piping Ploverswith a 1 .2g radiotransmitter(Holohil SystemsLtd., Ontario

Canada,Model BD-2G)expoxiedto thefeathersin the interscapularregion(seeKnopf

andRupert1995). Radiotransmittershadan activelifespanof approximately8 weeks.

Colorbandsequenceswereuniqueto individual birdsto permit continuedmonitoringof

ploversthroughoutthestudy. Werecordedthe following morphometricmeasurementsof
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eachbird: weight(g), wing cord (mm), tarsuslength (mm),bill length(mm), andan

estimateoffurcularfat deposits. Birds werereleased< 15 minutesaftercapture.

We monitoredmovementsof radio-fittedploversusing receivers(ATS modelR2100,

AdvancedTelemetrySystems,Isanti,MN, andWMI modelTRX- 1000S,Wildlife

MaterialsInc., Carbondale,IL) and3-elementYagi antennas.Radioedploverswere

monitoredfrom theground5-6 days/weekusing4-wheeldrive vehiclesandATVs,

throughoutthelife oftheradios(average= 58 days). Whenwewereunableto locate

radioedploversfrom thegroundaerialtelemetrywasusedto locatebirds. Duringground

searchesfor radioedbirds, observationsofcolor-bandedbirds, in which radioshadfailed,

werealsorecorded.Searchesfor radioedbirds wereconductedthroughoutthedid

period,however,mostofourefforts focusedon thedaylightperiod.

Upon locatingmarkedplovers,we recordedthe following variables:date,time, location

(locationwasdeterminedusingglobal positioningsystemequipment),habitattype,

distanceto water,behaviorofploversatthetime of relocation(foragingorroosting),and

tidal amplitude. We estimatedtidal amplitudeasthedistance(in meters)ofthewaterline

from themeanhigh tide line. Meanhigh tide line wasgenerallyeasilydiscernibleasthe

boundarybetweenlowersandflat habitatandthewaterwardedgeof algal flat habitat.

In additionto ourobservationsofmarked(i.e., bandedorradio-fitted)plovers,we also

searchedthestudyareafor unmarkedroostingplovers. Whenroostingbirds werefound,

we recordedfeaturesof the roostsite includingmicrohabitatandmacrohabitattype,

distancefrom water,andtidal amplitude. To determinemicrohabitatvariablesplovers

selectedfor whenroosting,wecomparedmicrohabitatcomponents(e.g.,% depressions,

% debris,% water,and%vegetationwithin 1 m2 ofroost location)of roostsitesto those

atrandomsites. Randomsiteswere located50 m from the roostsite in a random

direction.
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Useof DMPAS by NestingSnowy Plovers.

We visitedover25 sites to investigateuseof DMPAsby SnowyPloversandother

membersoftheFNG. Siteswerevisited from 1 June1997 - 1 August 1997and from 1

March 1998 - 1 June1998. TwelveofthesiteswereDMPAs alongthelower reachof

theGulf IntracoastalWaterway(GIWW). Theremainingsiteswere eitherDMPAsalong

channelsotherthantheGIWW (n = 12),orDMPA-like sitesthat featuredhabitat

structureverysimilar to that typically foundat DMPAs(e.g.,siteswith highflat habitat

or shell/gravelbermsjuxtaposedwith low flat habitatand/orshallowpool habitat;such

ascoolingponds,or settlingponds;n = 5). Someofthesiteswereprivatelyowned,and

werevisitedthroughagreementsthatrequiredconfidentiality;therefore,site locationsare

not describedin this report.

During visits,we surveyedthe entireareaofeachsitefor thepresenceofadult Snowy

PloversandothermembersoftheFNG, andsearchedsuitablenestinghabitatfor the

presenceofnestsand chicks. Severalmicrohabitatfeatureswererecordedat nestsites

includingsubstratetype,nestlining, distanceto nearestvegetation,anddistanceto

nearestwater. Additionally, informationwascollectedon thepresenceandareaofdense

vegetation,poolsof standingwater,leveeslopes,andsurfaceshell/gravelcover.

Data Analyses.

StatisticalanalyseswereperformedusingJMP (SAS InstituteInc., 1995). Homeranges

wereestimatedfrom all relocations(i.e., relocationsof birdswith activeradiosusing

radiotelemetryandvisual relocationsof color-bandedbirds)usingHomerange(R.

Huber,Universityof California - SanDiego, SanDiego, CA). Homerangeswere

estimatedasconvexpolygons(i.e.,thesmallestpolygon createdby connectingall

peripheralrelocationpoints). Relocationswereincorporatedinto thePiping Plover

GeographicInformationSystem(GIS) layerbeingdevelopedby theTexasParksand

Wildlife DepartmentusingtheArcview GeographicInformationSystem(Environmental

SystemsResearchInstitute,Inc., Redlands,CA).
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RESULTS

Capture and Banding Results

\Ve trapped49 Piping Ploversand32 SnowyPloversbetween1 January1997 - 29 March

1998. We fitted all ploverswith uniquecolorbandcombinationsandattached49

transmittersto Piping Ploversand5 transmittersto SnowyPlovers. OnePiping Plover

wastrappedtwiceduring thestudyandfitted with a radiotransmitteron bothoccasions

(Radiofrequencies301/687).

ThreePiping Ploverswecapturedhad beenpreviouslybanded(Radiofrequencies:384,

871,and882). Two ploverswereoriginallybandedin Canada(871 - Alberta,882 -

Saskatchewan),andoneploverwasanendangeredGreatLakesbird (384 - Michigan).

TheGreatLakesploverhadfour color-bandswhenwecapturedit, thus,it wasfitted only

with aradiotransmitterandreleased.This ploverwasresightedatits formerbreedingsite

in Michiganin 1998@ers.comm.,F. Cuthbert,UniversityofMinnesota). Theother2

ploverseachhadaU.S. FishandWildlife bandandonecolor bandwhenwe captured

them. Weaddedour identifierband(red/whitebi-coloredband)to eachoftheseplovers,

aswell astwo additionalcolor-bandsto permit individual recognition.

PipingPloverbody massrangedfrom 48 g to 71 g (average= 54.1 g). Furcularfat stores

rangedfrom 0 (lowestrange;no fat deposits)to 5 (highestrank,extensivefat reserves)

averagingof 2.6. Fat storescorrelatedpositively (P = 0.0208)with bodymassfor Piping

Plovers. SnowyPloverbody massrangedfrom 33 g to 50 g (average= 43.7 g). Furcular

fat storesrangedfrom 0 (lowestrange;no fat deposits)to 5 (highestrank,extensivefat

reserves)averaging2.7. SnowyPloversfat storescorrelatedpositively (P = 0.0002)with

body mass. Similarly, WhiteandMitchell (1990)observedpositive relationships

betweenfat storesandbody massin Long-billedDowitchers(Limnodromus

scolopaceus),WesternSandpipers(Calidris mauri),andAmericanAvocetscollected

within our studyarea.
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Movement Patternsof Piping and Snowy Plovers

A relocationmapandaccompanyingrelocationdatasummaryfor eachmarkedPiping

Ploveris presentedin theAppendix. SnowyPloverrelocationdataare summarized

collectively.

Color-bandsfacilitatedcollectionofadditionaldatabeyondthelifespanof

radiotransmitters.Mostplovers(95.9%)werevisually relocatedaftertheir

radiotransmittershadbecomeinactive. MarkedPiping Ploversexhibitedhigh site

fidelity (89.7%)in the lower LagunaMadrethroughoutthestudy.

HabitatUse

All markedPipingPloversused>2 habitattypesduringthe study(Appendix). All but

one ofthePipingPlovers(frequency778; Appendix)usedbothhigh flat habitat(Table 1;

primarilyuppersandflats andalgal flats) andlow flat habitat(Table 1; primarily lower

sandflats). Tenofthe PipingPloversusedbeachhabitatin additionto high flat and/or

low flat habitat(Appendix). OverhalfofthemarkedPipingPlovers(n= 26) used

washoverpasshabitatin additionto highflat and/orlow flat habitat(Appendix).

Winter Ranges

Homerangeestimatesindicatedthat PipingPloversuseda relativelylargearea

throughoutthenonbreedingseason(Figure 1). Home rangeestimatesfor markedPiping

Ploversrangedfrom 230 hato 27,351hawith ameanof 5,027ha.

A fewploverswereconsistentlyrelocatedwithin arelatively small area(e.g.,radio

frequencies177, 248;Appendix). However,mostploversmovedamongwidely spaced

locationsthroughoutthenonbreedingperiod. Thesmallrangesestimatedfor plovers

177, 248 andotherploverscaughtearlyin theyearmustbeevaluatedwith caution,as

birds trackedin earlyfall generallyexhibiteda morerestrictedrangethandid those

trackedlater in theyearwhenwinter cold frontsbeganinfluencinglocal habitat

conditions. Forinstance,we relocated177during MarchandApril 20 km northof its
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fall homerange. In addition,686 and301 (samebird) haddifferenthomerangesizes

during fall andwinter, furthersupportingseasonvariationsin homerangesize.

Time of Day

MostPiping Ploverswereassociatedwith high flats andwashoverpassesat night.

However,becausemostnocturnalrelocationswere triangulated,exacthabitat

associationsoftencouldnot bedetermined.Evaluationofrelocationmapspresentedin

theAppendixsuggeststhat manyofthenocturnalrelocationsofradioedPipingPlovers

occurredon highertidal flats closerto theGulf relativeto diurnalrelocations.However,

becausenocturnalrelocationsmustbe triangulated,exacthabitattypescouldnot always

be determined.Thesedatasuggestthatploversusedthesamegenerallocationsat night

that wereusedduringtheday,but movedto higherareas. Thus,thenocturnalbehavior

of roostingPiping Ploverswassimilar to diurnalroostingbehavior;whichwedescribein

theRoostEcologysectionof thisreport.

Useof Mainland Tidal Flats

Twenty-onePiping Plovers(42.8%)usedboth mainlandandbarrierislandsites.. Useof

mainlandtidal flats appearedto bestronglylinked to thearrivalof north fronts

throughouttheearlywinterperiod(i.e.,NovemberandDecember). North fronts

generallycausehighbayshoretideson SouthPadreIslandwhile exposingtidal flat

habitatalongthemainlandcoast. However,by January,plovermovementsto the

mainlanddid not appearto becorrelatedwith arrival ofnorth frontsorchangesin

bayshoretidal amplitudeon South PadreIsland.

Useof DMPAs by radioed Piping Plovers

RadioedPiping PloversrarelyusedDMPAs. Only 2%(5 out of242)of aerial telemetry

relocationsfoundPipingPloversusingDMPAs. Furthermore,ploversusingmainland

habitatsdid notuseareasadjacentto DMPA islandsand impoundments.This waslikely

dueto conversionofhabitatsfrom low tidal flat to upperflat throughencroachmentby

saltwart(Batismaritima) andothersecondaryvegetation.Piping Ploversavoidvegetated

areaswhile roosting(e.g.,of357 roostplots % vegetationaveraged< 0.34%)andwere
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neverobservedforagingin vegetatedareas. Piping Ploverwinter habitatmustinclude

normalperiodsof tidal inundationandexposure.Thus, manipulationsto DMPAs would

needto allow tidal inundationandexposureto be beneficialto winteringPipingPlovers.

Conclusions& ManagementRecommendations

Our findings furthersupportthe importanceofpreservinglargetractsofbayshoretidal

flat habitatfor Piping Plovers. Our findings supportpreviouswork demonstratingthe

importanceofthebroadtidal flats on SouthPadreIslandto Piping PloversandSnowy

Plovers(Zonick 1994, 1996). This studyalsosupportsearlierstudiesdescribingthe

importanceofwashoverpasses,andmainlandtidal flatsto PipingandSnowyPlovers

winteringalongthelowerLagunaMadre (Zonick 1997a, 1997b). Thesetidal flats and

washoverpassesprovidecritical feedingandroostingsitesfor ploversthroughoutthe

non-breedingseason.

This studydemonstratedthat mostploversusedislandandmainlandsitesthroughoutthe

winter. Mainlandsitesappearedto be usedduringperiodswhenthebarrierisland

experienceshigh bayshoretides,particularlyduring theearlywinter period.These

findings confirmedour initial hypothesisthatploversvisit, andprobablyrequire,multiple

sitesthroughoutthewinterperiod.

Theuseofmainlandhabitatby PipingPloversalongthelowerLagunaMadreis very

similar to their useofbeachhabitatalongthemid andupperTexascoast. Zonick(1994)

reportedthat Piping Ploversregularlymovedbetweenbayshoretidal flats andbeach

habitatat morenortherlysitesalongtheTexasCoast. In this region,beachhabitatwas

usedprimarily asa secondaryhabitatwhenbayshoreforagingareasweresubmerged.

Preferencefor bayshorehabitatover beachhabitatnorthoftheLagunaMadrewas

apparentlydueto higherenergyrequirementsto gatherthesamequantityofprey at beach

habitatrelativeto bayshorehabitat(Zonick 1994). Despitetheapparentpreferenceby

Piping Ploversfor bayshorehabitat,local PipingPloverabundancewasmoststrongly

affectedby availability of high quality beachhabitat(Zonick 1994).
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Piping Ploverswe monitoredappearedto prefermainlandareasandwashoverpassesto

beachesasa secondaryhabitat. Theseresultsaresupportedby othersurveysof beach

habitaton SouthPadreIslandthat foundvery low useby PipingPloversrelativeto beach

habitatalongotherregionsoftheTexasCoast(Nicholls andBaldassarre1990, Haigand

Plissner1993,Zonick 1994). Theimportanceof washoverpassesto Piping Plovers,

SnowyPlovers(especiallybreedingSnowyPloverpopulations),andotherwaterbirdshas

alreadybeendocumented(Zonick 1997a,1997b),ashastheextensiveuseofmainland

habitatby SnowyPloversandoccasionallargeflocks (>100 birds)of Piping Plovers

(Zonick 1994,Brush 1995). MaintaininghealthyPipingPloverpopulationsalongthe

lower LagunaMadremayrequiremorethantheprotectionof barrierislandhabitat.Our

findings furthersupporttheneedto protectmainlandtidal flats andbarrierisland

washoverpasshabitatin additionto barrierislandbayshoretidal flats.

Very few markedPiping PloverswereobservedusingDMPAs during thewinter portion

of thestudy. Low useoftheseareassuggestsDMPAs do notprovidesuitablehabitatfor

PipingPlovers. Furthermore,DMPAs havea detrimentaleffect on thequality of

mainlandtidal flatsalongtheGIWW betweentheShipChannelto Harlingenand

northernboundariesof LagunaAtascosaNationalWildlife Refuge(~-latitude26°29’).In

this region,previouslyisolatedDMPA islandshavecoalescedto form a longbarrier

betweenlargetractsof mainlandtidal flats andtheLagunaMadre. OtherDMPAs along

theShip Channelto Harlingenhavedivided a largetidal flat complexatLagunaAtascosa

NationalWildlife Refuge,andhavenearlyremovedthesouthernportionof this tidal flat

complexfrom thetidal regime. Consequently,tidal flats in theseregionshavebegun

successionalconversionto uplandhabitat(e.g., encroachmentofSalicorniabigelovii,

Balls maratimaandothervascularplants). TheseareassupportedlargePipingPlover

populationsasrecentlyas1991-1994(Zonick 1994),but asthetidal flats in this region

havebecomemore denselyvegetated,theyhavebecomelessattractiveto Pipingand

SnowyPlovers(Brush 1995). Forthesereasons,we recommendthatmeasuresbetaken

to restorea morenaturaltidal regimeto themainlandtidal flat complexin the lower

LagunaMadre (e.g.,by creatingandmaintaininggapsin theDMPA barriers).
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RoostEcologyofPiping and Snowy Plovers

Only a smallproportionoftheploverswemarked(radio-fittedand/orcolor-banded)were

engagedin roostingbehaviorwhenrelocated(Appendix). Piping Ploverswereroosting

during 7.3%(91/1249)ofall relocations,andSnowyPloverswere roostingduring8.1%

(7/86)of all relocations.Usingonly radiotelemetryrelocations,however,ahigher

proportionofPiping Ploverswereroostingwhenrelocated(9.8%;87/889). Furthermore,

despiteefforts to minimizethe effectsofour activitiesonbird behavior,manyplovers

mayhavebeendisturbedfrom roostsduring oursurveysandconsequentlydocumented

as foragingbirds. Therefore,webelievethesefindings representconservativeestimates

oftheproportionofroostingrelocations.

RoostingHabitat

MarkedPiping Ploversroostedprimarily within highflat habitat(BEG layerHF, Table

1); however,washoverpassesandlow tidal flatswerealsousedasroostsites

(Appendix). MarkedPipingPloversroostedmoreoftenwhentidesroseabovethemean

high tide line (P = 0.0110, Figure2), androostingPiping Ploversoccurredfartherfrom

waterthandid foragingPipingPlovers(P < 0.0001,Figure3). On average,marked

PipingPloversroosted53.1 m from waterwhentidescovered29.0 m of flats abovethe

meanhigh tide line (Appendix).

MarkedSnowyPloversroostedexclusivelywithin highflat habitat(BEGlayerHF, Table

1; Appendix). RoostingSnowyPloversoccurredfartherfrom waterthandid foraging

SnowyPlovers(P = 0.0305,Figure4), however,in contrastto PipingPlovers,Snowy

Ploverswerejust aslikely to roostduringperiodsoflow bayshoretidesasduringperiods

ofhigh bayshoretides(P = 0.2231,Figure 5). On average,markedSnowyPlovers

roosted52.2 m from waterwhenthetide had fallen to a level that exposed69.3 m of flats

below themeanhigh tide line (Appendix).

Observationsofunmarkedploverscloselymatchedthoseofmarkedplovers. Unmarked

Piping Ploversroostedaway from waterduring highbayshoretides. On average,

unmarkedPipingPloversroosted35.9m from waterwhenthetideshadrisento cover
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55.9 m of flats abovethemeanhigh tide line (Figure6). Most unmarkedSnowyPlovers

roostedawayfrom water,but without apparentregardto tide level. On average,

unmarkedSnowyPloversroosted74.1 m from waterwhenthetide hadfallen to a level

that exposed35.9m offlats below themeanhigh tide line (Figure7).

Ploversexhibitedstrongselectionfor highflats asroostinghabitat. Most(91.5%) roost

sitesoccurredon high flat habitat(i.e.,high sandflats andalgal flats) with asmall

percentageof roostsitesoccurringon lower flats(7.4%)andwashovers(1.1%).

Similarly, ploversexhibitstrongpreferencefor microhabitatvariableswithin roostsites.

Comparedto randomplots, roostplots hadahigherpercentcoverofdepressions(P <

0.0001)anddebris(P < 0.0001),greatermeandepressiondepth(P < 0.0001),less

percentwatercoverage(P < 0.001), andwerecloserto thewater’sedge(primaryforaging

area;P = 0.0261). Therefore,our resultssuggestthat ploversareselectingroostsites

basedon microhabitatcomponents.

Conclusions& ManagementRecommendations

Piping andSnowyPloversusedmultiple roostsitesthroughoutthenonbreedingperiod.

Roostswerediscoveredprimarily in regionsofhigh flat habitat(higheralgal flats and

sandflats) adjacentto recentlyusedfeedingareas.Becauseshorebirddistribution

coincideswith distributionsoftheirprey (Colwell andLandrum1993,Mercierand

McNeil 1994),ploverspresumablyusedmultiple roostsitesbecausetheymove among

multiple foragingsitesfollowing ephemeralpreypopulations.

Ourdataindicatethat ploversmovedamongdifferent feedingareas;thus,they likely

selectroostsitesbasedon thepresencelocal ofmicrohabitatfeaturessuchassmall

depressionsandaccumulationof seagrassand/orotherwrackmaterial. Habitatselection

involvesthechoiceofa particularhabitatfrom availablehabitatsresultingin non-random

distributionofanimals(Burger 1987). Componentswithin roostshavearole in

attractivenessof asiteas aroostarea(Burtonet al. 1996). Theselectionof

microclimatesby roostingbirds maybe importantfrom athermoregulatorystandpoint
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andhabitatcomponentsat roostsmayassistbirds in concealmentfrom predators

(WalsbergandKing 1980).

Piping and SnowyPlovershavebeenobservedto congregatein largeroostingflocks at

somesitesalongpartsoftheTexascoast(e.g.,NewportPass,Bolivar Flats, SanLuis

Pass,Big Reef;Zonick 1994, 1997a). Along the lower LagunaMadre,largeroosting

flocks havebeendocumentedat washoverpasseson BrazosIsland andSouthPadre

Island(Zonick 1997a). However,ploversappearto usethesesitesless frequentlythando

ploverusingsitesnorthofthe lower LagunaMadre. Mostof theradioedPiping Plovers

wemonitoredwereobservedto roostaloneor in small flocks (< 5 plovers)andused

multiple roostsites.

Differencesin flock sizeatroostsitesis likely drivenby availability of habitat. Roost

sitesat somelocations(e.g.,NewportPassandBolivar Flats)areusedby largeplover

flocks severaltimesduring theyear,andhavebeenusedby ploverseveryyearsincethey

weredocumented,whereasroostsitesalong thelowerLagunaMacheappearsto be less

predictable.For example,a washoverpasson BrazosIslandthat supportedlargeroosting

flocks ofPipingPloverson severaloccasionsfrom 1991-1994(U.S.FishandWildlife

Service1989,Zonick 1996, 1997a)wasusedlessfrequentlyin 1996-1998basedon our

observationsandthosereportedby Zonick(I 997a). Themostrecentobservationofa

largeroostingflock of ploversat this site coincidedwith theextremehightides

associatedwith tropical stormJosephinein 1996(Zonick 1997a).

The useof DMPAs by Breeding Snowy Ploversand theFNG

DMPAsandDMPA-like siteswereusedasnestinghabitatby SnowyPloversandseveral

othermembersof theFNG. We found no SnowyPlovernests,broodsor adultsat any of

the 12 DMPAs alongtheGIWW. However,wedetectedadultsandeithernestswith

eggsorbroodsat all of theDMPAs that were not locatedalongtheGIWW, andall of the

DMPA-like sites. Together,a total of 144 SnowyPlovernestswerefoundat thesesites.

Becausenestsand chickswerewell camouflagedandsometimesdifficult to locate,it is

likely thatmore nestswerepresentat thesesitesbut werenot detected.
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NestHabitat at DMPAs

All but oneof theSnowyPlovernests(99.2%),and 15 of theFNG nests(96.6%,

includingSnowyPlovernests)wereassociatedwith “beachesandberms”and “high sand

andmud flats” asthesehabitatsaredescribedby “SubmergedLandsof Texas”maps

developedby UniversityofTexasat Austin’sBureauof EconomicGeology(BEG;

Tables1 and2). Koenenet al. (1996)alsoreportedthat SnowyPloversandLeastTerns

selectedbermhabitatin Oklahoma.

BermsatDMPA andDMPA-like sitesoccurredasperimeterlevees,blind-endingberms

(projectingfrom perimeterleveesinto the impoundment),andmoundsofdredged

materialor shell/calicheaccumulations.ManySnowyPlovernestsoccurrednearthetop

fewmetersofberms(mean= 4.9 m from top, SE= 3.6, N = 65), althoughnestsrarely

occurredon thetop surfaceof theberm. Nestswereaslikely to occuron theouterside

of theperimeterberm(n = 30)ason the interiorsideof theberm(n = 35). Most ofthe

bermshadbeenscouredby rain, leavingaroughsurfaceofhigh ridgesflankedby eroded

drainagechannels(Figure8). All SnowyPlovernestsfoundon suchbermsoccurredon

thehighridges,which often exhibitedaccumulationsofstonesandshell fragments

(Figure8).

Shallow PoolHabitat

Thepresenceof a shelteredwaterbodyappearedto bean importantfactorin attracting

nestingSnowyPlovers. Most SnowyPlovernestswerefoundwithin 100 m of some

permanentor semi-permanentwatersource(i.e., lastingat leastthe lengthofincubation

for SnowyPlovers;Table2). Theprimarywatersourcesnearmostnestswereshallow

poolsor small lakeslocatednearthecenterofthesite. This habitattype is describedas

shallowsubaqueousflats habitatin theBEG layer(Table 1).

Habitat Juxtaposition

All ofthesitesusedby SnowyPloversexhibiteda mix of the4 habitattypesdescribedin

Table 1. Thesehabitatswereoftencloselyjuxtaposedto oneanother.All oftheused
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sitesexhibitedabermor levee(BEGlayerBB) that gradedasa shallowslopeinto

shallowsubaqueousflathabitat(BEG layerW, Figure9). BetweentheBB andW

habitatswerezonesof high flat habitat(BEGlayerHF, Figure9)and low flat habitat

(BEG layerLF, Figure9). This mix ofhabitattypesmaybe preferredby SnowyPlovers

becauseit providedsuitablenestinghabitat(i.e., layersBB andHF; higherareassafe

from flooding) in closeproximity to brood-rearinghabitat(layersLF andW; wetterareas

wherepreypopulationsweremoreabundant).

Anotherlandscapeexhibitinga similar combinationof thesehabitatlayersis thecomplex

ofwashoverpassesthatoccurnaturallyon manysouthTexasbarrierislands(Zonick

1996, 1 997a,I 997b). Washoverpassessupportsomethelargestandmostdense

populationsofSnowyPloversalongtheTexasGulfCoast,furthersupportingthe

apparentpreferenceby this speciesfor regionswherehigh flats, low flats and shallow

lakesoccurtogether.Thephysicalandchemicalpropertiesof shallowlakehabitatatthe

nestingsitesarenot well known,however,salinity doesnot appearto be a majorfactor

influencinguseby SnowyPloversbecauseweobservednestsaroundlakesthat rangedin

salinity from nearbrackish(e.g.,SunsetLake)to marine(e.g.,BarneyM. DavisCooling

Ponds)to hypersaline(e.g.,mostwashoverpasslakes).

MicrohabitatFeaturesAffecting NestDensity

Vegetation.Most SnowyPloversnestedwithin bermor high flat habitat. Several

microhabitatfeaturesassociatedwith thesehabitatsappearedto affect local nesting

density,andmayhaveaffectednestingat the site level. Oneofthesefeatureswas

vegetationdensity. Most nestswerewithin a few metersof sometypeofvegetation

(Table2), however,no nestsweredetectedin densely-vegetatedhabitats(Figure 10).

This mayhavebeenasignificant factorlimiting theuseof GIW\V DMPAs. Although

manyGIWW sitesexhibitedhighflat or bermhabitat,mostoftheBB andHF habitatat

thesesiteswasheavilyovergrownwith vegetation,andthereforewasunavailableas

nestinghabitatfor SnowyPlovers.
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SurfaceFeatures. Anothermicrohabitatfeaturethatappearedto affect SnowyPlover

nestingdensitywasthepresenceof shell fragments,stonesor similar surfacefeatures.

WhereasSnowyPlovernestswereobservedon awide varietyofbasesubstratetypes

(e.g., sand,mud,spoil), all ofthenestswere lined with small stonesor fragmentsofshell

or algalmat, andnearlyall ofthenestswereestablishedin areaswhere thesematerials

were common(Figure 11). Nestssituatedin microhabitatswhereshellpiecesor stones

werepresentappearedto bemuchbettercamouflaged,andconsequentlymayhavebeen

harderfor predatorsto detect. SnowyPloversalsoexhibitedan apparentpreferencefor

shell fields whenselectingnestsiteswithin washoverpasshabitat,however,therewas

someevidencethat predatorscuedin on thismicrohabitatfeaturewhensearchingfor

nests(Zonick 1997a).

BermSlope. A third microhabitatfeaturethat apparentlyaffectedlocal SnowyPlover

nestingdensitywasslopeofbermandshorelinehabitats. SnowyPlover’sonly rarely

nestedonsteepberms(> 35°).In areaswith steepberms,but otherwisesuitablehabitat

(e.g.,sparselyvegetatedzoneswith surfacestones/shellandshallowpool habitatlocated

nearby),SnowyPlovernestswereoftenfoundatthetop oftheberm,or atthebaseof the

bermneartheHF/BB boundary.

Conclusions& ManagementRecommendations

Our findingsdemonstratemanyDMPAscurrentlyprovidebreedinghabitatfor Snowy

Ploversandothermembersoftheflat-nestingguild (FNG). However,breedinghabitat

for this guild might be improvedat manyDMPAs. Thefactorsthat appearedto most

stronglyaffectbreedingdensityat DMPAswerethepresenceofsuitablenestingand

brood-rearinghabitat. SnowyPloverspreferto nestin open,sparsely-vegetatedareas

that areabovethemeanhightide line, andarethereforerelatively safefrom flooding

(e.g.,the HF, BB layersdescribedin Table 1). Theyalsopreferareascoveredwith small

stonesand/orshell fragments.Theproximity of ashallowpoolof water(< 100m; i.e.,

theW layerdescribedin Table 1) to potentialnestingsitesalsoappearedto influence

SnowyPlovernestingdensity. Poolsof water,andtheirsurroundingshorelines(LF

habitat,Table 1), provideidealbrood-rearinghabitatfor SnowyPlovers.
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At DMPAs, nestinghabitatcanbe maintainedasbermsthat arekept freeof dense

vegetation.Thebermsshouldnot havea steepslope,but shouldgradeata relatively

shallowangle(< 35°).Whenpossible,watershouldbe presentwithin theDMPA during

earlynestingseason(i.e., February- June). Theproximity ofwatermaybe acritical

considerationfor ploversseekingsafenestingsites locatednearbrood-rearinghabitat.

Bermscanbe improvedby toppingthemwith shell/stoneswhere possible.

Timing ofadditionof dredgematerial into DMPAs maybe ancritical factoraffectingthe

valueoftheseareasto SnowyPloversandtheFNG. Oncenestshavebeenestablished

(i.e., March - August),additionof dredgematerialcanhavedeleteriouseffects(e.g.,

flooding nests,coveringbrood-rearinghabitat). However,if dredgedmaterialis placed

in theDMPA betweennestingperiods(i.e., September- February),its effectsmaybe

positiveby creatingshallowpoolsduring at leasttheearlynestingperiod.

Anothermanagementpracticerecommendedto improveSnowyPlovernestsuccessat

DMPAsis theuseofpredatorexciosuresaroundheavilyusednestsites. Predator

exclosureshavebeenhighly effectivein reducingdepredationofplovernests(Koenenet

al., 1996,B. Murphy,U.S. FishandWildlife Service,Kenmare,ND, pers.comm.).

Ratherthandeployingindividual exclosuresaroundasinglenest,we recommendtheuse

of electrifiedfenceexclosuresaroundlargerareasoftheDMIPA. Bermlandscapesare

relatively easyandinexpensiveto surroundwith electricfencing. Sectionsofexisting

bermscouldbe managedby removingvegetation,top-dressingwith shellandstonesand

surroundingwith electrifiedfenceexclosures.Whenpossible,blind-endingberms

projectingfrom theperimeteroftheDMPA into a shallowpool of watershouldbe

incorporated.Thesebermscanbe isolatedfrom predatorswith only avery short fence

positionedatthejunctionof theblind-endingbermandperimeterberm. Thesestepswill

benefitnotonly SnowyPlovers,but Wilson’sPlovers,LeastTerns,Black-neckedStilts

andothermembersoftheFNG, andshouldnotgreatlyimpair the intendeduseof

DMPAs.

19



Finally, thepotentiallydeleteriouseffectsassociatedwith heavymetalpoisoningand

otherchemicalhazardsto birds that nestat DMPAs alongtheTexasCoasthavenot been

adequatelyinvestigated.SnowyPloversandothermembersoftheFNG raiseprecocial

youngthat feedat thenestingsite. Thesebirds maybioaccumulateheavymetalsand

otherbiotoxinsthat might be presentat someDMPAs. Thepotentialexistsfor creating

“attractivenuisances”if DMPAs that containcontaminatedsedimentsaremanagedto

attractFNG colonies.Therefore,we recommendthat future researchinvestigatethe

influencesofhazardouschemicalson nestingpopulationsof birdsusingDMPAs. This

study will determine,notonly therelativehealthof existingDMPA nestingcolonies,but

whetherthesecoloniesshouldbe encouragedto expand,or shouldbe encouragedto

relocateat safer locationsaway from DMPAs.
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Table 1. Descriptionsof the 4 habitat layers, delineated in the “SubmergedLands of
Texas”mapsdevelopedby Universityof Texas- Austin’s Bureauof Economic
Geology,that bestdescribemacrohabitattypesassociatedwith winteringPiping
PloversandSnowy Plovers,andnestingSnowyPloversand theflat-nestingguild.

Layer
Code

Layer Nameand Description

BB Beachesand Berms: Bay-estuary-lagoonmargin, sand and shell,
generallybarren,locally scatteredsaltmarshvegetation.

HF High Sand and Mud Flats: Topographicallyhigh wind-tidal flats,
less frequentflooding than lower flats, local scatteredvegetation;
also flats not affected by tides, and channelmargins and bars
alongstreamsand streamvalleys; locally gradeinto uplandareas,
predominantly sand on the barrier islands and mud on the
mainlands.

LF Low Sand and Mud Flats: Wind-tidal, relatively frequent
flooding, algal mats common, locally scatteredvegetation,
predominantly sand on the barrier islands and mud on the
mainland.

W Shallow SubaqueousFlats, Tidal Pools,Inland Reservoirsand
Ponds, and Natural and Dredged Channels: Flats and pools
affectedby wind tides, coastal waterbodies salineto brackish,
inland waterbodiesfresh,locally fringedby water-tolerantplants.



Table 2. Thespatial relationshipsbetweennestsof SnowyPloversandotherFNG
membersand thenearestsourceof waterandvegetation. Distanceto nearestwater
source(DTW) andnearestvegetation(DTV) arereportedin metersasmeansfor all
nests. Standarderrors(SE)for eachmeanandmaximumdistanceto eachof the
habitatfeaturesarealsoreported.

Species N

144

DTW DTV

Snowy Plover

Mean SE Max. Mean SE Max.

62.3 12.5 >1000 2.8 0.4 14
Wilson’s Plover 22 33.5 8.5 85 4.0 3.9 8
Kilideer 19 35.6 7.3 65 2.2 1.7 12
LeastTern 99 150.6 27.8 >1000 5.1 0.9 25
Willet 1 35 -- -- 0 -- --

Horned Lark 3 86.4 26.3 150 0 0.0 0
Common Nighthawk 1 18 -- -- 4 -- --

Black-necked Stilt 23 23.6 9.4 75 1.5 1.5 3



Figure 1. Home range estimatedistributions for all marked Piping Plovers. Home
rangesfor eachploverwereestimatedin hectaresasconvexpolygonsfrom all
relocations(i.e., telemetryandvisual).

[Range(ha)JE~1

[Quantil~]
maximum 100,0% 27351

99.5% 27351
97.5% 26012
90.0% 17831

quartile 75.0% 6964
median 50.0% 1782
quartile 25.0% 855

10.0% 336
2.5% 241
0.5% 230

minimum 0.0% 230

[Moments] [~]
Mean 5027.338
StdDcv 6678.580
StdErrorMean 954.083
Upper95%Mean 6945.646
Lower95%Mean 3109.031
N 49.000
SumWeights 49.000
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Analysis ~ Display ~

Behavior

[Wilcoxon / Kruskal-Wallis Tests(Rank Sums)j

Level Count
F 973
R 62

ScoreSum
498349.5

37780.5

Score Mean
512.178
609.363

(Mean-MeanO)/StdO
-2.543
2.543

2-SampleTest,NormalApproximation

1-wayTest,Chi-SquareApproximation

ChiSquare DF Prob>ChiSq
6.4682 1 0.0110

Figure 2. Theeffectof bayshoretidal amplitude(# metersof inundationabove
the meanhigh tide line) on Piping Plover behavior.
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Figure 3.
marked Piping Plovers.
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[DTW By Behavior j

Level Count
F 79
R 7

ScoreSum
3300.5
440.5

Score Mean
41.7785
62.9286

(Mean-MeanO)/StdO
-2.156
2.156

2-SampleTest,NormalApproximation

S Z Prob>IZI
440.5 2.15619 0.0311

1-wayTest,Chi-SquareApproximation

ChiSquare
4.6835

DF Prob>ChiSq
1 0.0305

Figure 4. The relationship betweenbehavior and distanceto water for
marked Snowy Plovers.
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(Tide By Behavior)

Level Count ScoreSum ScoreMean (Mean-MeanO)/StdO
F 78 3428.5 43.9551 1.210
R 7 226.5 32.3571 -1.210

Analysis ~ Display ~

[Wilcoxon I Kruskal-Wallis Tests(Rank Sui~]

2-SampleTest,NormalApproximation
S Z Prob>IZI

226.5 -1.21009 0.2262

1-wayTest,Chi-SquareApproximation

ChiSquare DF Prob>’ChiSq
1.4842 1 0.2231

Figure 5. The effectof bayshoretidal amplitude on the behavior of marked
SnowyPlovers.
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[QuantTi~]]

[Moments] IE
Mean 35.9441
StdDev 42.3135
Std Error Mean 3.5384
Upper95%Mean 42.9389
Lower 95%Mean 28.9492
N 143.0000
SumWeights 143.0000

[Quantil~]]

[~oments]E~J
Mean 55.9301
StdDev 169.3571
Std Error Mean 14.1624
Upper 95% Mean 83.9266
Lower95%Mean 27.9335
N 143.0000
SumWeights 143.0000

Figure 6. Distanceto water(~DTW]meters),bayshoretidal amplitude(# metersof inundationabovethemeanhigh
tide line), andhabitatusagefor unmarkedroostingPiping Plovers.
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WA 2 0.01399 1.00000
Total 143

3Levels
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[Frequencies]ftj
Level Count Probability Cum Prob
HF 100 0.86207 0.86207
LF 16 0.13793 1.00000
Total 116

2Levels

rMoments [~]
Mean 74.0948
StdDev 50.9076
Std Error Mean 4.7267
Upper95%Mean 83.4575
Lower 95%Mean 64.7322
N 116.0000
SumWeights 116.0000

[Mom~ L~J
Mean -35.8966
StdDev 76.4178
Std Error Mean 7.0952
Upper 95%Mean -21.8422
Lower 95%Mean -49.9509
N 116.0000
SumWeights 1 16.0000

Figure7. Distanceto water(~DTWljmeters),bayshoretidal amplitude(# metersof inundationabovethemeanhigh
tide line), andhabitatusagefor unmarkedroostingSnowy Plovers.



Figure 8. This photo depictsa view from the top of a typical berm
found at DMPA and DMPA-like sites. Severalerosionchannels
(EC), and ridges(R) arelabelled in thephoto. Accumulationsof
stonesandothermaterial canbe seenalong the largecentral ridge.
A snowy Plover nest was locatedon this ridge. It’s position is
indicatedby theframedarea.



Figure9. Picture from atop aperimeterbermlooking into aDMPA-
like site showingthejuxtapositionof theberm(BB), highflat (HF),
low flat (LF), andshallowpool (W) habitatzones. Most Snowy
Plovernestoccurredwithin theBB andHF zones,whereasmost
broodswereobservedin the HF, andLF zonesandalongthe
LF/BB margin.



Figure10. A sectionof perimeterbermat aDMPA-like site thathad
becomeovergrownwith vegetation. This wasoneof thefew
sectionsof bermat this site thatdid not supportSnowyPlovernests.



Figure 11. A Snowy Plovernestcontaining3 eggs. Thenestis locatednear
thecenterof this photo(within thesmall black frame). A magnifiedview of
the samenestis shownin the inset imageat the lower right. The nestwas
lined with small stonesand shell fragments. This nestwas typical of most
Snowy Plover nests discoveredat DMPAs and DMPA-like sites. It was
constructedwithin a portionof a berm that hadagradualincline. The berm
waswithin 100 m of a shallow pond, was relatively free of vegetation,and
was coveredwith stones,shell andothersurfacematerials.
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[Quantiles]

maximum 100.0% 1000.0
99.5% 200.0
97.5% 153.4
90.0% 40.0

quartile 75.0% 10.0
median 50.0% 0.0
quartile 25.0% 0.0

10.0% 0.0
2.5% 0.0
0.5% 0.0

minimum 0.0% 0.0

[Moments ] [~J
Mean 15.770
StdDev 46.939
StdErrorMean 1.413
Upper95% Mean 18.542
Lower 95%Mean 12.998
N
Sum

1104.000
Weights 1104.000

HF

(Quantile~)

maximum

quartile
median
quartile

minimum

B

HF

‘-B

[Moments ] [~]
Mean -18.083
StdDev 257.304
StdError Mean 7.925
Upper95% Mean -2.531
Lower95% Mean -33.635
N 1054.000
Sum \Veights 1054.000

~requencies] FE
Level Count Probability Cum Prob
B 24 0.02074 0.02074
HF 731 0.63181 0.65255
LF 328 0.28349 0.93604
WA 74 0.06396 1.00000
Total 1157

4Levels

All Foraging Piping Plovers. Thedistanceto water(DTW [meters]),bayshoretidal amplitude(# metersinundated
abovethe meanhigh tide line) andhabitatuse(high flat [HF], low flat [LF}, washoverpassFIWA] andbeach[B]) history
for all markedPiping Ploversengagedin foraging behaviorwhen relocated.
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~uantiles)
maximum 100.0% 300.00

99.5% 300.00
97.5% 258.00
90.0% 152.00

quartile 75.0% 80.00
median 50.0% 25.00
quartile 25.0% 1.00

10.0% 0.00
2.5% 0.00
0.5% 0.00

minimum 0.0% 0.00

[Moments] FE
Mean 53.05970
StdDcv 67.08054
StdErrorMean 8.19519
Upper95% Mean 69.42196
Lower 95% Mean 36.69745
N 67.00000
Sum Weights 67.00000

800-

600.

400..
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~:

-200- .

~intiles]

maximum 100.0% 900.00
99.5% 900.00
97.5% 900.00
90.0% 52.40

quartile 75.0% 7.50
median 50.0% 0.00
quartile 25.0% 0.00

10.0% -15.00
2.5% -180.00
0.5% -180.00

minimum 0.0% -180.00

(Moments ] FE
Mean 28.9692
StdDev 163.1817
StdError Mean 20.2402
Upper95%Mean 69.4037
Lower95% Mean -11.4653
N 65.0000
Sum Weights 65.0000

[Frequenci~]FE
Level Count Probability Cum Prob
HF 60 0.78947 0.78947
LF 9 0.11842 0.90789
WA 7 0.09211 1.00000
Total 76

3Levels

All Roosting Piping Plovers. Thedistanceto water(DTW [meters]),bayshoretidal amplitude(# metersinundated
abovethemeanhigh tide line) andhabitatuse(high flat [HF], low flat [LF], washoverpass[WA] andbeach[B]) history
for all markedPiping Ploversengagedin roostingbehaviorwhen relocated.



~an~e~~quencit~~ FE ________

Level Count Probability Cum Prob
F 40 0.95238 0.95238
R 2 0.04762 1.00000
Total 42

2Levels

(Color bands: rw, R ~, R
Home Range Area (ha): 1782.2
Center of Range: 14R 0681481(E) 2899666 (N)

Radiofrequency177 (PipingPlover). Relocationdatafor thisploveraresummarizedabove. Behavior(foraging [F] or
roosting[RI), distanceto water(DTW [meters]),habitatuse(high flat [HF], low flat [LF], washoverpass[WA] andbeach
[B]), color bandinformationandwinter rangeestimatesarepresented.

[Momen1~]FE
Mean 3.05882
Std Dev 7.22765
Std ErrorMean 1.23953
Upper 95% Mean 5.58065
Lower 95% Mean 0.53700
N 34.00000
SumWeights 34.00000

~eha~ior1 FE

R

[~EGHabitat J FE
30-

25-

20-

15-

10-
F

F

I0-1

Level
B
HF
LF
Total

Count
3

20
19
42

Probability
0.07143
0.47619
0.45238

Cum Prob
0.07143
0.54762
1.00000

3Levels
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(~Ior bands: rw, RI *, Wil)

IHome Range Area (ha): 3058.9
~Center of Range: 14R0682498(E)I2891070~~J

50-

40-

30-

20-

[Quantiles~j]
[~Iomen~JFE
Mean 6.45455
StdDev 13.21638
Std Error Mean 3.98489
Upper 95% Mean 15.33349
Lower 95%Mean -2.42440
N 11.00000
Sum Weights 11.00000

~ Habi~JFE

Radiofrequency 219 (Piping Plover). Relocationdatafor thisploveraresummarizedabove. Behavior(foraging [F] or
roosting [R]),distanceto water(DTW [meters]),habitatuse(highflat [HF], low flat [LF], washoverpass[WA] andbeach
[B]), color bandinformationandwinterrangeestimatesarepresented.

[Behavior ] FE

R

R

F

F

WA

LF

WA

LF

HF

I-

[Frequencies ] FE
Level Count Probability Cum Prob
F 17 0.89474 0.89474
R 2 0.10526 1.00000
Total 19

2Levels

B

HF

B

[Frequencies] FE
Level Count Probability Cum Prob
B 5 0.26316 0.26316
HF 6 0.31579 0.57895
LF 6 0.3 1579 0.89474
WA 2 0. 10526 1.00000
Total 19

4Levels
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[Behavior ] FE

(Color bands: rw, R I ~, Bk
Home Range Area (ha): 1025.6

~Center of Range: 14R 0681519(E) I 2897278(N)

[n’rwlFE

r~o

150.

100.

50-

ft9~anfll~

(~oments] FE
Mean 32.08333
StdDev 58.36633
StdErrorMean 16.84891
Upper95% Mean 69.16767
Lower95% Mean -5.00101
N 12.00000
Sum Weights 12.00000

I-

LF

HF

[Frequencies3 FE
Level Count Probability Cum Prob
HF 13 0.65000 0.65000
LF 7 0.35000 1.00000
Total 20

2Levels

Radiofrequency248 (Piping Plover). Relocationdatafor thisploveraresummarizedabove. Behavior(foraging [F] or
roosting[R]), distanceto water(DTW [meters]),habitatuse(high flat [HF], low flat [LF], washoverpass[WA] andbeach
[B 1)’ color bandinformationandwinterrangeestimatesarepresented.

R

R

F

[BEG Habit~U]FE
-I

F

LF

HF

0 ____

[Frequencies~]FE
Level Count Probability Cum Prob
F 18 0.90000 0.90000
R 2 0.10000 1.00000
Total 20

2Levels
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R

F

F

[Frequencies] FE
Level Count Probability Cum Prob
F 8 0.80000 0.80000
R 2 0.20000 1.00000
Total 10

2Levels
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Radiofrequency274 (Piping Plover). Relocationdatafor thisploveraresummarizedabove. Behavior(foraging [F] or
roosting[R]),distanceto water(DTW [meters]),habitatuse(highflat [HF], low flat [LFI, washoverpass[WA] andbeach
[B]), color bandinformationandwinter rangeestimatesarepresented.

ICotor bands: 1w, Wh I ~, R
Home Range Area (ha): 276.0

~Center of Range: 14R0680749(E) I 2901028 (N)

~ments1 FE
Mean 40.0000
StdDev 52.9150
Std Error Mean 30.5505
Upper 95%Mean 171.4497
Lower 95%Mean -91.4497
N 3.0000
SumWeights 3.0000

~equencies ] FE
Level Count Probability Cum Prob
HF 3 0.30000 0.30000
LF 7 0.70000 1.00000
Total 10

2Levels
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[Behavior~)FE

[Frequenc~j FE
Level
F

Count
47

Probability
0.94000

Cum Prob
0.94000

R 3 0.06000 1.00000
Total 50

2Levels

Color bands: 1w, Wb ‘~, Wh
Home Range Area (ha): 10364.2
Center of Range: 14R0680936(E) ‘2899714(N)

[rn’w]FE

Radiofrequency 301 (Piping Plover). Relocationdatafor thisploveraresummarizedabove. Behavior(foraging [F] or
roosting [R]), distanceto water(DTW [meters]),habitatuse(high flat [HF], low flat [LFJ, washoverpass[WA] andbeach
[B]), color bandinformationandwinter rangeestimatesarepresented.

R

[BEG Habitat J FE

F

~anfiles~

[~omen~jFE
Mean 25.43478
StdDev 51.25043
StdError Mean 7.55646
Upper95% Mean 40.65423
Lower95%Mean 10.21533
N 46.00000
Sum Weights 46.00000

~requencies 3 FE
Level Count Probability Cum Prob
B 4 0.08000 0.08000
HF 26 0.52000 0.60000
LF 19 0.38000 0.98000
WA 1 0.02000 1.00000
Total 50

4Levels
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[Momen~]FE
Mean 23.76667
StdDev 56.01643
StdError Mean 10.22715
Upper95%Mean
Lower95%Mean

44.68339
2.84994

N 30.00000
SumWeights 30.00000

IColor bands: iw, Ma I *, Mal
IHome Range Area (ha): 229.9
~Center of Range: 14R0680005(E)i2906205G~J

Radiofrequency342(Piping Plover). Relocationdatafor thisploveraresummarizedabove. Behavior(foraging [F] or
roosting[R]), distanceto water(DTW [meters]),habitatuse(high flat [HF], low flat ELF], washoverpass[WA] andbeach
[B]), color bandinformationandwinter rangeestimatesarepresented.

~avio~] FE ~w]FE
1R

R

(BEG Habita~jFE

WA

F

F

LF

WA

LF

HF
HF

(~quenciesj ii
Level Count
F 31

1
32

R
Total

Probability
0.96875
0.03125

B

2Levels

Cum Prob
0.96875
1.00000

[Quantiles 31
B

[Frequencies 3 FE
Level Count Probability Cum Prob
B 3 0.09375 0.09375
HF 16 0.50000 0.59375
LF 6 0.18750 0.78125
WA 7 0.21875 1.00000
Total 32

4Levels
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Radiofrequency417 (Piping Plover). Relocationdatafor this ploveraresummarizedabove. Behavior(foraging [F] or
roosting [R]),distanceto water(DTW [meters]),habitatuse(highflat [HF], low flat [LF], washoverpass[WA] andbeach
[B]), color bandinformationandwinterrangeestimatesarepresented.
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~uanflles ~

[MomenI~]FE
Mean 12.42857
StdDev 25.64408
StdError Mean 9.69255
Upper95% Mean 36.14541
Lower95%Mean -11.28827
N 7.00000
SumWeights 7.00000

0-i

(Frequencies3 FE _______________________ __________

Level Count Probability Cum Prob
F 6 0.85714 0.85714
R 1 0.14286 1.00000
Total 7

2Levels

rColor bands: ‘~, Ma I rw, ~
Home Range Area (ha): 3957.1

~Center of Range: l4R0674736(E)12911324(N)

Radiofrequency 440 (Piping Plover). Relocationdatafor thisploveraresummarizedabove. Behavior(foraging [F] or
roosting[RI), distanceto water(DTW [meters]),habitatuse(high flat [HF], low flat [LF], washoverpass[WA] andbeach
[B]), color bandinformationandwinter rangeestimatesarepresented.

[DTw]FE[Behavi~iFE

R

F

R

[BEG Habitat] FE
-I80-

60-

40-

LF

20—

LF

HF

HF

..requenciesj LU
Level Count
HF 5
LF 2
Total 7

2Levels

Probability Cum Prob
0.71429 0.71429
0.28571 1.00000
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(Color bands: *, B I rw, Ma
Home Range Area (ha): 384.7

~Center of Range: 14R0678361(E) I 2908626 (N)

Q~omen~)FE
Mean 22.50000
Std Dev 4.8.54894
StdErrorMean 14.01487
Upper95%Mean 53 .34665
Lower 95% Mean -8.34665
N 12.00000
SumWeights 12.00000

Radiofrequency 461 (Piping Plover). Relocationdatafor thisploveraresummarizedabove. Behavior(foraging [F] or
roosting [R]), distanceto water(DTW [meters]),habitatuse(high flat [HF], low flat [LF], washoverpass[WA] andbeach
[B]), color bandinformationandwinter rangeestimatesarepresented.

~avi~) FE ~1FE

F F

[BEG Habitat 3 FE

LF
LF

HF
HF

(~requencies~FE —
Level Count Probability Cum Prob
F 12 1.00000 1.00000
Total 12

lLevels

[c9~tilesi ~requenci~i] FE
Level Count Probability Cum Prob
HF 8 0.66667 0.66667
LF 4 0.33333 1.00000
Total 12

2Levels
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[BEG Habitat 3 FE

LF

HF

[~equencie~~FE
Level Count Probability Cum Prob
HF 5 0.35714 0.35714
LF 9 0.64286 1.00000
Total 14

2Levels

Radiofrequency 479 (Piping Plover). Relocationdatafor thisploveraresummarizedabove. Behavior(foraging [F] or
roosting[R]), distanceto water(DTW [meters]),habitatuse(high flat [HF], low flat [LF], washoverpass[WA] andbeach
[B]), colorbandinformation andwinter rangeestimatesarepresented.

[~ehavio~]FE

R

R

F

cpp~1FE
50-

40-

30-

20-

10-

0-

F

LF

HF

T~quencies~] FE
Level Count Probability Cum Prob
F 12 0.85714 0.85714
R 2 0. 14286 1.00000
Total 14

2Levels

IColor bands: R,rw I *, B)

Home Range Area (ha): 5836.4

~~?nter of Range: 14R0676449(E) I 2909637(~J

~uanfil~

~om~] FE
Mean 6.92857
StdDev 13.88117
Std Error Mean 3.70990
Upper95%Mean 14.94331
Lower95% Mean -1.08617
N 14.00000
Sum Weights 14.00000
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[P~Ti~1FE

150-

100.

50.

0-

~avi~1 FE

R

F

F

[BEG Habitat3 FE

WA

WA

LF

LF

HF
I

HF

[~equencies~FE
Level Count Probability Cum Prob
F 38 0.97436 0.97436
R 1 0.02564 1.00000
Total 39

2Levels

(~E~ior

IHome
LCenter

bands:
Range Area
of Range:

(ha):
14R0679784(E)

iw, Y I *, )
2360.1

2904946(N)J

[c~anflles1

(~Iome~]FE
Mean 17.53846
StdDev 43.30786
StdError Mean 6.93481
Upper95% Mean 31.57717
Lower 95% Mean 3.49975
N 39.00000
SumWeights 39.00000

(~requenc~i]FE
Level
HF

Count
28

Probability
0.71795

Cum Prob
0.71795

LF 9 0.23077 0.94872
WA 2 0.05128 1.00000
Total 39

3Levels

Radiofrequency507 (Piping Plover). Relocationdatafor thisploveraresummarizedabove. Behavior(foraging [F] or
roosting [RI), distanceto water(DTW [meters]),habitatuse(highflat [HF], low flat [LF], washoverpass[WA] andbeach
[B]), colorbandinformationandwinterrangeestimatesarepresented.
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[~w~]FE
1000-

800-

600-

400-

200—

Radiofrequency533 (Piping Plover). Relocationdatafor thisploveraresummarizedabove. Behavior(foraging [F] or
roosting[R]), distanceto water(DTW [meters]),habitatuse(high flat [HF], low flat [LF], washoverpass[WA] andbeach
[B]), color bandinformationandwinter rangeestimatesarepresented.

[Behavi~] FE

F F

LBEGHabita~]FE
-I

WA

—1

LF

-I

HF

WA

LF

HF

0
-i

~requenc~) FE
Level Count

I F 40
jTotal 40
L

Probability
1.00000

Cum Prob
1.00000

(~lor bands:

~Home Range Area (ha):
liv, Y *, i~)

982.4

LcEenter of Range:
14R0681330(E) 2898336(N)J

[guantii~~

[Moments ] FE
Mean 44.9875
StdDev 162.9328
StdErrorMean 25.7619
Upper95%Mean 97.0957
Lower 95%Mean -7.1207
N 40.0000
SumWeights 40.0000

[~requenc~JFE
Level Count Probability Cum Prob
HF 26 0.65000 0.65000
LF 6 0.15000 0.80000
WA 8 0.20000 1.00000
Total 40

3Levels
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tLQ~tu1~i
[Momen~]~
Mean 4.78846
StdDev 9.78997
StdErrorMean 1.91997
Upper95% Mean 8.74268
Lower 95% Mean 0.83424
N 26.00000
Sum Weights 26.00000

LF

HF

~quenc~]L~J

Level Count Probability Cum Prob
HF 19 0.73077 0.73077
LF 7 0.26923 1.00000
Total 26

2Levels

~equenci~] ~J _________ __________

Level Count Probability Cum Prob
F 26 1.00000 1.00000
Total 26

iLevels

IColor bands: ‘K, Wh / rw, Ma)
IHome Range Area (ha): 21994.0
~Centerof Range: 14R0678978(E) / 2905424(Nj)

Radiofrequency 557 (Piping Plover). Relocationdatafor this ploveraresummarizedabove. Behavior(foraging [F] or
roosting[RI), distanceto water(DTW [meters]),habitatuse(high flat [HFI, low flat [LF], washoverpass[WA] andbeach
[B]), color bandinformationandwinter rangeestimatesarepresented.
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[Frequencies] ~
Level Count
F 35
R 1

Probability
0.97222
0.02778

1
Cum Prob

0.97222 I
1.00000 I

Total 36
2Levels

IColor bands:
Home Range Area (ha): 2326.0
~Center of Range: 14R0679493(F) / 2905451(N)

[oTw]~EI

200-

150-

100-

50-

0—

~uantiles 1~~J

[BEG Habitat ) ~j

[Frequencies~EEl -—

Level Count Probability Cum Prob
HF 22 0.61111 0.61111
LF 13 0.36111 0.97222
WA 1 0.02778 1.00000
Total 36

3Levels

Radiofrequency585 (Piping Plover). Relocationdatafor thisplover aresummarizedabove. Behavior(foraging [F] or
roosting [R]), distanceto water(DTW [meters]),habitatuse(highflat [HF], low flat [LF], washoverpass[WA] andbeach
[B]), color bandinformationandwinter rangeestimatesarepresented.

~ehavior ~)~

R

F

F

[Moments 3 [~j
Mean 20.88889
StdDev 47.60719
StdErrorMean 7.93453
Tipper95%Mean 36.99675
Lower 95%Mean 4.78103
N 36.00000
Sum Weights 36.00000
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View 1
StudyArea

5 0 5 10 15



R

F

F

[Frequencies3 ~J —

Level Count Probability Cum Prob
F 26 0.92857 0.92857
R 2 0.07143 1.00000
Total 28

2 Levels

LF

LF

HF

HF

(~~requenciesJ ~J
Level Count Probability Cum Prob
HF 22 0.78571 0.78571
LF 6 0.21429 1.00000
Total 28

2Levels

[Behavior 3 [El

R

[BEG Habitat ] ~
I-

[ç9uantilesi]

[Momentsj [El
Mean 13 .37679
StdDev 33.49847
StdErrorMean 6.33062
Upper95% Mean 26.36603
Lower95% Mean 0.38754
N 28.00000
Sum Weights 28,00000

(~Eoiorbands: B, rw / ‘K, Wh)

Home Range Area (ha): 1554.6

~Center of Range: 14R 0681597(E) / 2896132(N)J

Radiofrequency 601 (Piping Plover). Relocationdata for this ploveraresummarizedabove. Behavior(foraging [F] or
roostingj~R]),distanceto water(DTW [meters]),habitatuse(high flat [HF], low flat [LF], washoverpass[WA] andbeach
[B]), color bandinformationandwinter rangeestimatesarepresented.



— _9. 5 10 15 20 Kilometers

Radiofrequency601 (PIPL)

View 2
Close-upofrelocation
clusterfromView 1

500 0 500 1000 1500 Meters



R

R

F

F

[Frequencies 3 EEl —

Level Count Probability Cum Prob
F 29 0.85294 0.85294
R 5 0.14706 1.00000
Total 34

2Levels

Icolor bands: rw, B / ‘K, Wh
Home Range Area (ha): 319.7

~Center of Range: 14R0681815(E)/2895434(N)

(Behavior I ~ ~QTw1L~
200

150-

100.

50.

0-

LF

HF

LF

HF

_______ ____ [~EGHabitat j ~

_________ [Frequencies3
Level Count Probability Cum Prob
HF 21 0.61765 0.61765
LF 13 0.38235 1.00000
Total 34

2Levels

Radiofrequency612 (Piping Plover). Relocationdatafor thisploveraresummarizedabove. Behavior(foraging [F] or
roosting[RI), distanceto water(DTW [meters]),habitatuse(highflat [HF], low flat [LF], washoverpass[WA] andbeach
[B]), colorbandinformationandwinter rangeestimatesarepresented.

[(Quantiles]]

(Moments3 EEl
Mean 23.14706
StdDev 45.59830
StdError Mean 7.82004
Upper95% Mean 39.05696
Lower95% Mean 7.23716
N 34.00000
Sum \Veights 34.00000



View2
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(~requencies3 [El —

Level Count Probability Cum Prob
F 18 1.00000 1.00000
Total 18

lLevels

[Quantilesi

[Momentsj [El
Mean 9.17647
StdDev 16.76020
StdError Mean 4.06495
Upper95% Mean 17.79373
Lower95% Mean 0.55921
N 17.00000
SumWeights 17.00000

__________ _________ [Frequencies3 [El —

Level Count Probability Cum Prob
HF 16 0.88889 0.88889
LF 2 0.11111 1.00000
Total 18

2Levels

Radiofrequency 621 (Piping Plover). Relocation data for this ploveraresummarizedabove. Behavior(foraging [F] or
roosting [R]), distanceto water(DTW [meters]),habitatuse(high flat [HFI, low flat [LF], washoverpass[WA] andbeach
[B]), color bandinformationandwinter rangeestimatesarepresented.

LBehavior -J ~ [DTW] EEl
50-

40-

30-

F F

Habitatj EEl

LF

HF

20-

10-

LF

HF

0-I——

IColor bands: B, R / ‘K, rw)
IHome Range Area (ha): 15221.51

LCente~’of Range: 14R0674605(E) / 2908349(N)J



View 2
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View 1
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(Behavior ] EEl

F F

[Frequencies1 ~ —

Level Count Probability Cum Prob
F 22 1.00000 1,00000
Total 22

iLevels

IColor bands: B, rw / ‘K, B
Home Range Area (ha): 7306.1

~Center of Range: 14R0678477(E)/2907465(N)

150-

125.

100.

75-

50.

251

[(~uanfiIes~

[Mome~J[El
Mean 17.52273
StdDev 40.54406
StdError Mean 8.64402
Upper95% Mean 35.49882
Lower 95% Mean -0.45336
N 22.00000
Sum Weights 22.00000

(~EGHabita~jLEl

Radiofrequency642 (Piping Plover). Relocationdatafor this ploveraresummarizedabove. Behavior(foraging [F] or
roosting[R]),distanceto water(DTW [meters]),habitatuse(high flat [HF], low flat [LF], washoverpass[WA] andbeach
[B]), color bandinformationandwinter rangeestimatesarepresented.

LF

WA

HF

WA
I—

LF

HF

(~equencies] LEl
Level Count Probability Cum Prob
HF 15 0.68182 0.68182
LF 5 0.22727 0.90909
WA 2 0.09091 1.00000
Total 22

3Levels
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View2
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~avi~] ~

(~lor bands: Y, rw / ‘K, y)

Home Range Area (ha): 335.5 I
~Center of Range: 14R0681973(E)/289453~~t’~)

[DTW]LEl

200- —

175-

150-

125-

100-

75-

50-

25-

0-~ ___

[(Quantilesi

[Mome~J [El
Mean 18.00000
Std Dev 35.43379
StdErrorMean 6.57989
Upper95% Mean 31.47819
Lower95% Mean 4.52181
N 29.00000
SumWeights 29.00000

~EGHabi~ifJ EEl

LF

HF

[Frequenciesi [El
Level Count Probability Cum Prob
HF 22 0.75862 0.75862
LF 7 0.24138 1.00000
Total 29

2Levels

Radiofrequency661a (PipingPlover). Relocationdatafor thisploveraresummarizedabove. Behavior(foraging [F]
or roosting[R]), distanceto water(DTW [meters]),habitatuse(high flat [HF], low flat [LF], washoverpass[WA] and
beach[B]), color bandinformationandwinterrangeestimatesarepresented.

R

R

F

F

(Frequencies] [El
Level Count Probability Cum Prob
F 23 0.79310 0.79310
R 6 0.20690 1.00000
Total 29

2 Levels
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10— HF

__________ _________ [~~quencies~[El —

Level Count Probability Cum Prob
HF 25 0.89286 0.89286
LF 2 0.07143 0.96429
WA 1 0.03571 1.00000
Total 28

________________________________________________ 3Levels

Radiofrequency 661b (Piping Plover). Relocationdata for this ploveraresummarizedabove. Behavior(foraging [F]
or roosting[R]), distanceto water(DTW [meters]),habitatuse(highflat [HF], low flat [LF], washoverpass[WA] and
beach[B]), colorbandinformationandwinter rangeestimatesarepresented.

[Behavior1LEl

F

[nTW~JLEl

60-

50-U

40-

30-F

[BEG Habitafj EEl

WA

LF

20-

WA

LF

HF

0-

[(Quantiles~]~quenci~] [El
Level Count Probability Cum Prob
F 28 1.00000 1.00000
Total 28

1 Levels

~Color bands: B, \Vh /

Home Range Area (ha): 11920.01
~Center of Range: 14R0678345(E)/2907700(N)J

(Moments ] [El
Mean 10.08929
StdDev 15.96991
StdErrorMean 3.01803
Upper95% Mean 16.28172
Lower95% Mean 3.89685
N 28.00000
SumWeights 28.00000
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(Behav~J EEl

F F

[DTWJLEl

Radiofrequency 682(Piping Plover). Relocation datafor thisploveraresummarizedabove. Behavior(foraging [F] or
roosting [R]),distanceto water (DTW [meters]),habitatuse(highflat [HF], low flat [LF], washoverpass[WA] andbeach
[B]), color band information and winter range estimatesare presented.

-I

[BEG Habi~j LEl

[Frequencies]~
Level Count Probability Cum Prob
F 12 1.00000 1.00000
Total 12

iLevels

Color bands: Y, rw / ‘K, R
Home Range Area (ha): 14652.7
Center of Range: 14R0676983(E) / 2909725(N)
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[Behavior 3 EEl____ (~Tw1EEl _____

300- —

250-

200-

____ ~nti;:

;

(Moments1 [El
Mean 30.21667
StdDev 67.56155
StdError Mean 12.33500
Upper95% Mean 55.44438
Lower95% Mean 4.98895
N 30.00000
SumWeights 30.00000

Radiofrequency 701 (Piping Plover). Relocationdata for thisploveraresummarizedabove. Behavior(foraging [F] or
roosting[RI), distanceto water(DTW [meters]),habitatuse(highflat [HF], low flat [LF], washoverpass[WA] andbeach
[B]), color bandinformationandwinter rangeestimatesarepresented.

Count
3

Probability
0.10000

Cum Prob
0.10000

24 0.80000 0.90000
2 0.06667 0.96667

~equen~j EEl
Level Count Probability Cum Prob
F 27 0.90000 0.90000
R 3 0.10000 1.00000
Total 30

2Levels

R

F

[BEG Habitat 3

F

WA

LF I150-

100-

50-

0-

HF

ii

:WA
LF

HF

B
B I

~El

IColor bands: B,B/’K,rw)
Illome Range Area (ha): 274.3 I
~Center of Range: 14R0681908(F) / 2896380(N~J

Level
B
HF
LF
WA
Total 30

4Levels



View2
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500 0
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(Moments] [El
Mean 24.37500
StdDev 46.34315
StdErrorMean 13.37811
Upper95%Mean 53.82014
Lower95% Mean -5.07014
N 12.00000
SumWeights 12.00000

IColor bands: rw, Wh ‘K Y)
I Home Range Area (ha): 1637.9I
~~nter of Range: 14R0680783(E) 2901136(N)J _______________________

Radiofrequency714 (Piping Plover). Relocationdatafor thisploveraresummarizedabove. Behavior(foraging [F] or
roosting[RI), distanceto water(DTW [meters]),habitatuse(highflat [HF], low flat [LF], washoverpass[WA] andbeach
[B]), color bandinformationandwinter rangeestimatesarepresented.

[Behavior I EEl

F F

[BEG Habitat 3 EEl

WA

LF

HF

WA

LF

HF

(Frequencies~][El —

Level Count Probability Cum Prob
F 12 1.00000 1.00000
Total 12

1Levels

[Q—’~i [i~equencies3 [El
Level Count
HF 3
LF 6
WA 3
Total 12

3Levels

Probability
0.25000
0.50000
0.25000

Cum Prob
0.25000
0.75000
1.00000
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(i~haviorI [El

IColor bands:
IHome Range Area (ha): 1461.3
~Center of Range: 14R0681844(E)/2895290(N)

(DTW]~El

150-

100-

50-

0-

[(Quantiles]]

(Moments] [El
Mean 17.11667
StdDev 36.44355
Std Error Mean 6.65365
Upper 95%Mean 30.72481
Lower 95%Mean 3.50852
N 30.00000
SumWeights 30.00000

[BEG Habita~jEEl

Radiofrequency720 (PipingPlover). Relocationdatafor thisploveraresummarizedabove. Behavior(foraging [F] or
roosting [RI), distanceto water(DTW [meters]),habitatuse(high flat [HF], low flat [LFI, washoverpass[WA] andbeach
[B]), color bandinformationandwinterrangeestimatesarepresented.

R

R

F

F

LF

HF

LF

HF

I
~uencie~] [El

Level Count Probability Cum Prob
F 27 0.84375 0.84375
R 5 0.15625 1.00000
Total 32

2Levels

(Frequencies3 EEl
Level Count Probability Cum Prob
HF 25 0.78125 0.78125
LF 7 0.21875 1.00000
Total 32

2Levels



View2
Close-upofrelocation
clusterfromView 1

20 Kilometers
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500 0 500 1000 1500 Meters

5 0 5 10 15



~ehavi~] ~

(~equenci~]EEl
Level Count Probability Cum Prob
F 35 0.97222 0.97222
R 1 0.02778 1.00000
Total 36

2Levels

(dolor bands: iw, B / ‘K Ri

IHome Range Area (ha): 2442.8 I
~Center of Range: 14R0680791(B) 2899836(N)J

L~ah1til~i
[~nents1[El
Mean 21.00000
StdDcv 44.62543
StdError Mean 7.43757
Upper 95% Mean 36.09898
Lower 95%Mean 5.90102
N 36.00000
SumWeights 36.00000

Radiofrequency731 (PipingPlover). Relocationdatafor thisploveraresummarizedabove. Behavior(foraging [F] or
roosting[R]),distanceto water(DTW [meters]),habitatuse(highflat [HF], low flat [LF], washoverpass[WA] andbeach
[B]), color bandinformationandwinterrangeestimatesarepresented.

R

__EEl (BEG Habitat 3 [El

F

F

150-

100-

50-

rLF

I-

LF

HF
HF

~~quencies~ EEl
Level Count Probability Cum Prob
HF 23 0.63889 0.63889
LF 13 0.36111 1.00000
Total 36

2Levels
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ICotor bands:
IHome Range Area (ha): 900.0 I
~Center of Range: 14R0679287(E) 2907298(N)J

[~V1 [El (~EGHabitat ]~El
200-

150-

100-

50-

0 ______
[~Quantii~j)

LMome~][El
Mean 15.55882
StdDcv 40.71348
StdErrorMean 6.98230
Upper95%Mean
Lower95% Mean

29.76434
1.35331

N 34.00000
SumWeights 34.00000

Radiofrequency741 (Piping Plover). Relocationdatafor thisploveraresummarizedabove. Behavior(foraging [F] or
roosting[R]),distanceto water(DTW [meters]),habitatuse(high flat [HF], low flat [LF], washoverpass[WA] andbeach
[B]), color bandinformationandwinter rangeestimatesarepresented.

(~avi~] ~

F F

WA

LF

WA

LF

HF

~quenc~] [El
Level Count Probability Cum Prob
F 34 1.00000 1.00000
Total 34

iLevels

HF

~quenci~] [El
Level Count Probability Cum Prob
HF 22 0.64706 0.64706
LF 4 0.11765 0.76471
WA 8 0.23529 1.00000
Total 34

3Levels



View I
StudyArea

View 2
Close-upofrelocation 300 0 300 600 900 Meters
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20-

15-

10-

5-

0-

[(Quantiles]]

(M~ii~ents][El
Mean 2.857143
StdDcv 7.559289
StdErrorMean 2.857143
Upper95%Mean 9.848325
Lower 95% Mean -4.134039
N 7.000000
Sum\Veights 7.000000

(FrequenciesI [El ________ ________

Level Count Probability Cum Prob
F 7 1.00000 1.00000
Total 7

iLevels

IColor bands: iw, B ‘K B~
IHome Range Area (ha): 12200.8I
(~?nterof Range: 14R 0671922 (E) 2917353(N)J ___________________________

Radiofrequency 757 (Piping Plover). Relocationdatafor thisploveraresummarizedabove. Behavior(foraging [F] or
roosting [RI), distanceto water(DTW [meters]),habitatuse(highflat [HF], low flat [LF], washoverpass[WA] andbeach
[B]), color bandinformationandwinter rangeestimatesarepresented.

[Behavior ] EEl [IiTWIEEl

F

(BEG Habitat] [El

F

LF

-O

HF

LF

HF

(Frequencit~jEEl
Level Count Probability Cum Prob
HF 2 0.28571 0.28571
LF 5 0.71429 1.00000
Total 7

2Levels
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View2
Close-upofrelocation
clusterfromView I

15 20 Kilometers

500 0 500 1000 Meters

5 0 5 10

Radiofrequencies757



HF

HF

[Frequencies3 EEl —

Level Count Probability Cum Prob
HF 19 0.73077 0.73077
LF 7 0.26923 1.00000
Total 26

2Levels

(BehaviorI LEl

F F

(BEG Habita~1EEl

LF

LF

40.

20-

0

____ (~TWJ ______

100~

80~

60.

(t~equenciesI EEl - _______ ________

Level Count Probability Cum Prob
F 26 1.00000 1.00000 ________

Total 26
1 Levels

Color bands: R, rw / ‘K
Home Range Area (ha): 936.0 1
Center of Range: 14R0680430(B) / 2901978(N)J ___________________________

Radiofrequency 760 (Piping Plover). Relocationdatafor thisploveraresummarizedabove. Behavior(foraging[F] or
roosting [RI), distanceto water(DTW [meters]),habitatuse(highflat [HF], low flat [LF], washoverpass[WA] andbeach
[B]), color bandinformationandwinter rangeestimatesarepresented.

[(Quantilesj]
[Momentsl ~

Mean 11.05769
StdDev 21.19968
StdError Mean 4.15760
Upper95% Mean 19.62036
Lower95% Mean 2.49502
N 26.00000
Sum Weights 26.00000
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View2
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[DT~flEEl
200-

150-

100-

50-

0 —~_____

[(Quantil~i

LMoment~1EEl
Mean 21.05172
StdDcv 39.45349
Std Error Mean 7.32633
Upper 95%Mean 36.05891
Lower 95%Mean 6.04453
N 29.00000
SumWeights 29.00000

[Behavior 3 EEl

R

F

R

F

[BEG Habitat 3 [El

WA

[WA

HF

HF

[Frequencies] [El —

Level Count Probability Cum Prob
HF 25 0.86207 0.86207
WA 4 0.13793 1.00000
Total 29

2Levels

(Frequencies1~ _______________________ __________

Level Count Probability Cum Prob
F 27 0.93103 0.93103
R 2 0.06897 1.00000
Total 29

2Levels

ICoIor bands: R, Y / ‘K, iw

I Home Range Area (ha): 1267.9
~Center of Range: 14R0679271(B) / 2906929(N)

Radiofrequency778 (Piping Plover). Relocation datafor this plover aresummarizedabove. Behavior(foraging [F] or
roosting[Rj), distanceto water(DTW [meters]),habitatuse(highflat [HF], low flat [LFI, washoverpass[WA] andbeach
[B]), color bandinformationandwinter rangeestimatesarepresented.



View 1
StudyArea

View2
Close-upofrc~i~~
clusterfromView 1
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Radiofrequencies778



[i~requencies 3 EEl
Level Count Probability Cum Prob
F 40 0.95238 0.95238
R 2 0.04762 1.00000
Total 42

2Levels

ICo1or
Home

~enter

bands:
Range Area
of Range:

(ha):
14R0681716(E)

y~i,~ / ‘K R
398.2

2892864(N)

[DTw]~J

~àuanfli~

[Moment~] [El
Mean 18.21429
StdDcv 42.41910
StdErrorMean 6.54541
Upper95% Mean 31.43295
Lower 95%Mean 4.99562
N 42.00000
Sum Weights 42.00000

(BEG Habitat

-~ ~r..:
\VA

\VA

- - LF

1I~I
“—~
,t~,

HF

HF

(~requencies1 [El
Level Count Probability Cum Prob
HF 24 0.57143 0.57143
LF 15 0.35714 0.92857
WA 3 0.07143 1.00000
Total 42

3Levels

Radiofrequency798 (Piping Plover). Relocationdatafor thisploveraresummarizedabove. Behavior(foraging [F] or
roosting [RI), distanceto water(DTW [meters]),habitatuse(highflat [HF], low flat [LF], washoverpass[WA] andbeach
[B]), color bandinformationandwinter rangeestimatesarepresented.

R

F

F

200-

150-

100-

50-

0-
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View2
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[~ehavi~]EEl

WA

~LF

LF

HF

HF

~quencié~] EEl
Level Count Probability Cum Prob
HF 17 0.70833 0.70833
LF 4 0.16667 0.87500
WA 3 0.12500 1.00000
Total 24

3Levels

IColor bands: Y, W / ‘K, rw
IHome Range Area (ha): 2025.3
~Center of Range: 14R0680616(E)/2901235(N)

Radiofrequency801 (Piping Plover). Relocationdata for thisploveraresummarizedabove. Behavior(foraging [F] or
roosting[RI), distanceto water(DTW [meters]),habitatuse(highflat [HF], low flat [LFI, washoverpass[WAI andbeach
[B]), color bandinformationandwinterrangeestimatesarepresented.

~iW1EEl [I~EGHabita~j [El

R

F

F

~requencies~] EEl —

Level Count Probability Cum Prob
F 23 0.95833 0.95833
R 1 0.04167 1.00000
Total 24

2Levels

Mean
StdDcv
StdError Mean
Upper 95%Mean
Lower 95%Mean



5 10 15 20 Kilometers
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Radiofrequencies801

View2
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5 0
w



(~~aviorI EEl

R

F

F

[~~quencies~[El
Level Count Probability Cum Prob
F 20 0.90909 0.90909
R 2 0.09091 1.00000
Total 22

2Levels

IColor bands: R, B / ‘K, rw
I Home Range Area (ha): 6714.9
,~enter of Range: 14R0678123(E)/2902713(N)

(ni~W]EEl
20-

15-

((ç~uantiles~j)

I

Radiofrequency821 (Piping Plover). Relocationdatafor thisploveraresummarizedabove. Behavior(foraging [F] or
roosting[R]),distanceto water(DTW [meters]),habitatuse(highflat [HF], low flat [LF], washoverpass[WA] andbeach
[B]), color bandinformationandwinter rangeestimatesarepresented.

R

1it!!~Habita~]EEl

10-

WA

LF

0—

HF

(Moments 3 [El
Mean 4.56818
StdDcv 7.14525
StdErrorMean 1.52337
Upper95%Mean 7.73619
Lower95%Mean 1.40018
N 22.00000
SumWeights 22.00000

JrequenciesJ L~J
Level Count
HF 13

2
WA 7
Total 22

3Levels

Probability
0.59091
0.09091
0.31818

Cum Prob
0.59091
0.68182
1.00000
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L1~ehavio~1EEl

F F

~i~requencies~ [El —

Level Count Probability Cum Prob
F 28 1.00000 1.00000
Total 28

1 Levels

(~olor bands: R,rw ‘KR~

IHome Range Area (ha): 7212.5 I
~Center of Range: 14R 0678282 (E) 2907854 (N)J

~p~Tw1EEl
200-

150-

100-

___ -~

L19~~ant11e51

]

(Momenisi [El
Mean 12.78571
StdDcv 38.56342
StdError Mean 7.28780
Upper95%Mean 27.73893
Lower95% Mean -2.16750
N 28.00000
SumWeights 28.00000

(BEG Habitat 3

Radiofrequency836 (Piping Plover). Relocationdatafor thisploverare
roosting[R]), distanceto water(DTW [meters]),habitatuse(high flat [HF],
[B]), color bandinformationandwinter rangeestimatesarepresented.

summarizedabove. Behavior(foraging [F] or
low flat [LF], washoverpass[WA] andbeach

WA

LF

WA

LF

HF

HF

~uencit~] ~

Level Count Probability Cum Prob
HF 18 0.64286 0.64286
LF 9 0.32143 0.96429
WA 1 0.03571 1.00000
Total 28

3Levels
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~ehavi~i~] EEl

IColor
I Home
~Center

bands:
Range Area

of Range:
(ha):

14R0675438(E)

R, \T~T ‘K, ~

17831.0
2910363(N)

[frequencies) EEl
Level Count Probability Cum Prob
F 16 0.94118 0.94118
R 1 0.05882 1.00000
Total 17

2Levels

@~TW1EEl

~9~antil~

[Mome~] ~

Mean 8.00000
StdDcv 14.27352
StdErrorMean 3.56838
Upper95% Mean 15.60579
Lower95% Mean 0.39421
N 16.00000
Sum Weights 16.00000

[BEG HabitatI [El

Radiofrequency842 (PipingPlover). Relocationdatafor thisploveraresummarizedabove. Behavior(foraging [F] or
roosting[R]),distanceto water(DTW [meters]),habitatuse(highflat [HF], low flat [LF], washoverpass[WA] andbeach
[B]), color bandinformationandwinter rangeestimatesarepresented.

R

IR

F

LF

I.-

LF

~HF

HF

(~equenc~~]EEl
Level Count Probability Cum Prob
HF 14 0.82353 0.82353
LF 3 0.17647 1.00000
Total 17

2LeveIs
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(!~havior] ~

Total 32
2Levels

CumProb
0.90625
1.00000

(Color bands: B, rw ‘K, ~

Home Range Area (ha): 1108.4
~enter of Range: 14R0681550(E)/2897050(N)

1fl~TW~]EEl
150-

125-

100-

75-

50-

25-

0-

[~EGHabitat 3[~]

Radiofrequency855 (PipingPlover). Relocationdatafor thisploveraresummarizedabove. Behavior(foraging [F] or
roosting [R]),distanceto water(DTW [meters]),habitatuse(highflat [HF], low flat [LF], washoverpass[WA] andbeach
[B]), colorbandinformationandwinter rangeestimatesarepresented.

R

R

F

F

LF

HF

I—

LF

HF

~equencies 3
Level Count
F 29
R 3

I
Probability

0.90625
0.09375

(M~men~]W
Mean 13.25000
StdDcv 27.76137
StdError Mean 4.90756
Upper95%Mean 23.25897
Lower95%Mean 3.24103
N 32.00000
Sum Weights 32.00000

(~requencies~]l~J
Level Count Probability Cum Prob
HF 26 0.81250 0.81250
LF 6 0.18750 1.00000
Total 32

2Levels
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LBehavio~1EEl

~equenci~] EEl
Level
F

Count
17

Probability
0.94444

Cum Prob
0.94444

R 1 0.05556 1.00000
Total 18

2Levels

IColor bands: Y, R / ‘K, ~

IHome Range Area (ha): 18599.1
~Center of Range: 14R0679253(E) ‘ 2900492(N)

O~1EEl

[Quantil~]

(BEG Habitat] EEl

Radiofrequency861 (Piping Plover). Relocationdatafor thisploveraresummarizedabove. Behavior(foraging [F] or
roosting [RI), distanceto water(DTW [meters]),habitatuse(highflat [HF], low flat [LF], washoverpass[WA] andbeach
[B]), color bandinformationandwinterrangeestimatesarepresented.

R

F

F

200-

150-

100-

LF1

HF

LF

HF

~oment~] ~

Mean 24.88235
StdDcv 48.72099
StdErrorMean 11.81658
Upper95% Mean 49.93225
Lower95% Mean -0.16755
N 17.00000
Sum Weights 17.00000

~equenci~~ EEl
Level Count Probability Cum Prob
HF 17 0.94444 0.94444
LF 1 0.05556 1.00000
Total 18

2Levels
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[~ehavioi~]EEl

R

F

~requencies~] EEl
Level Count Probability Cum Prob
F 22 0.88000 0.88000
R 3 0.12000 1.00000
Total 25

2Levels

(~i~rbands: R, rw / USWFSY, ~‘)

IHome Range Area (ha): 27351.3
~~ter of Range: 14R0679253(E) 2900492(N)J

[rnW] EEl

~antil~]

[Momen~]~

Mean 15.08000
StdDev 38.71118
StdError Mean 7.74224
Upper95% Mean 31.05906
Lower95% Mean -0.89906
N 25.00000
Sum Weights 25.00000

(BEG Habitat 3 [El

2Levels

Probability Cum Prob
0.64000 0.64000
0.36000 1.00000

Radiofrequency871 (Piping Plover). Relocationdatafor thisplover aresummarizedabove. Behavior(foraging [F] or
roosting [R]), distanceto water(DTW [meters]),habitatuse(highflat [HF], low flat [LF], washoverpass[WA] andbeach
[B]), color bandinformationandwinter rangeestimatesarepresented.

R

F

150-

125-

100-

75-

50-

LF

HF

requencies 3 [~J
Level Count
HF 16
LF 9
Total 25
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LBehaviori EEl

F

(~olor bands: - Y, Y / V/h USFWS,rw~

I Home Range Area (ha): 343.2 I
LCenter of Range: 14R0681284(E) 2898785(N)J

[DTwI EEl

200-

150-

100-

0-L_

[Quantilesi

(Moments 3 EEl
Mean 17.63636
Std Dcv 45.80278
Std ErrorMean 7.97324
Upper 95%Mean 33.87721
Lower 95%Mean 1.39551
N 33.00000
Sum Weights 33.00000

(~çHabitat ~JW

WA

LF

HF

Radiofrequency882 (PipingPlover). Relocationdatafor this ploveraresummarizedabove. Behavior(foraging [F] or
roosting[RI), distanceto water(DTW [meters]),habitatuse(highflat [HF], low flat [LF], washoverpass[WA] andbeach
[B]), colorbandinformationandwinter rangeestimatesarepresented.

F

50-

LF

(i~equencies3 EEl
Level Count Probability Cum Prob
F 33 1.00000 1.00000
Total 33

iLevels

HF

(Frequencies 3 EEl
Level Count Probability Cmii Prob
HF 21 0.63636 0.63636
LF 4 0.12121 0.75758
\VA 8 0.24242 1.00000
Total 33

3Levels
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~EGHabii~1 EEl

LF

HF

(pTW]EEl

200- —

150-

100-F

Behavior 3 EEl

F

(FrequencI~] EEl —

Level Count Probability Cum Prob
F 25 1.00000 1.00000
Total 25

lLevels

CColor bands: B, rw / ‘K, R’)
IHome Range Area (ha): 2808.1 I
~Center of Range: 14R0680372(E) / 29028682~J

50-

I

LF

HF

___________ ___ -~ ___ __ __

__________ [(Quantiles~j

]

(Monientsl~
Mean 21.86000
StdDcv 52.78643

_______________________________________ StdError Mean 10.55729
Upper95% Mean 43.64899
Lower95% Mean 0.07101
N 25.00000
SumWeights 25.00000

Radiofrequency891 (Piping Plover). Relocationdatafor thisploveraresummarizedabove. Behavior(foraging [F] or
roosting [R]),distanceto water(DTW [meters]),habitatuse(high flat [HF], low flat [LF], washoverpass[WA] andbeach
[B]), color bandinformationandwinter rangeestimatesarepresented.

~uencie~]

Level Count Probability
HF 13 0.52000

Cum Prob
0.52000

LF 12 0.48000 1.00000
Total 25

2Levcls
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[Behav~]EEl

IColor bands: Y,B/’K,rw
I Home Range Area (ha): 593.0
~Center of Range: 14R 0681869(B) / 2895588(N)

[DT~fl EEl

100-

80-

60-

40.

20-

0P
[(Quanfil~1]

(Moments 3
Mean 14.89474
StdDcv 28.06825
StdError Mean 4.55327
Upper95% Mean 24.12049
Lower95%Mean 5.66898
N 38.00000
Sum Weights 38.00000

Radiofrequency901 (Piping Plover). Relocationdatafor thisploveraresummarizedabove. Behavior(foraging [F] or
roosting[R]),distanceto water(DTW [meters]), habitat use(high flat [HF], low flat [LF], washoverpass[WA] and beach
[B]), color bandinformationandwinter rangeestimatesarepresented.

R

F

~EG Hab~JEEl

R

F

WA

LF

LF

HF
-l

(~equenc~] EEl —

Level Count Probability Cum Prob
F 33 0.84615 0.84615
R 6 0.15385 1.00000
Total 39

2Levels

HF

Level
HF
LF
WA
Total

Count
30

39
3Levcls

Probability
0.76923
0.20513
0.02564

Cum Prob
0.76923
0. 97436
1.00000
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[Frequencies)EEl
Level Count Probability Cum Prob
F 34 0.85000 0.85000
R 6 0.15000 1.00000
Total 40

2Levcls

Color bands: rw, R / ‘K, Y’
Home Range Area (ha): 509.2
Center of Range: 14R0681617(E)/2896585(N)

Radiofrequency919 (Piping Plover). Relocationdata for this ploveraresummarizedabove. Behavior(foraging [F] or
roosting [RI), distanceto water (DTW [meters]), habitat use (high flat [HF], low flat [LF], washoverpass [WA] and beach
[B]), color band information and winter range estimatesare presented.

(~havior 3 EEl ~TW1EEl

R

F

(~G Habitat 3 [El

R

F

150-

125-

100-

75-

50-

LF

HF

LF

HF

0—

~Quantiles)]

[Moments 3 [El
Mean 24.27500
StdDcv 45.11054
StdErrorMean 7.13260
Upper95%Mean 38.70198
Lower95%Mean 9.84802
N 40.00000
SumWeights 40.00000

-~

[Frequencies 3
Level Count Probability Cum Prob
HF 30 0.75000 0.75000
LF 10 0.25000 1.00000
Total 40

2Levels
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—[Frequencies3 [El
Level Count Probability Cum Prob
F 3 0.75000 0.75000
R 1 0.25000 1.00000
Total 4

2Levels

[(Quantilesi
LMome~1EEl
Mean 10.00000
StdDcv 20.00000
StdError Mean 10.00000
Upper95% Mean
Lower95% Mean

41.82500
-21.82500

N 4.00000
Sum Weights 4.00000

__________ _________ ~Frequenc~~) [EJ
Level Count Probability Cum Prob
HF 2 0.50000 0.50000
LF 2 0.50000 1.00000
Total 4

2Levels

Radiofrequency924 (Piping Plover). Relocationdatafor thisploveraresummarizedabove. Behavior(foraging [F] or
roosting[RI), distanceto water(DTW [meters]),habitatuse(highflat [HF], low flat [LF], washoverpass[WA] andbeach
[B]), color bandinformationandwinterrangeestimatesarepresented.

[Behavi] EEl

R

(DTw]EEl [BEG Habi~jEEl
-~

R

F

F

LF

HF

20-

0-

LF

HF

IColor bands: B, Ma / ‘K, ~

I Home Range Area (ha): 3278.3
~Center of Range: l4R0673499(E)/2892639(N)
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150-

125-

100-

75-

50-

25—

_________________ 0-i ___________ __________

___ ~an~ ___

Radiofrequency942 (Piping Plover). Relocationdata for this ploveraresummarizedabove. Behavior(foraging [F] or
roosting [R]),distanceto water(DTW [meters]),habitatuse(high flat [HF], low flat [LF], washoverpass[WA] andbeach
[B]), color bandinformation andwinter rangeestimatesarepresented.

[Behavior ] EEl ~TW]EEl

R

(BEG Habitat ] [El

F

F

LF

HF

LF

HF

~requencies~[~El —

Level Count Probability Cum Prob
F 17 0.94444 0.94444
R 1 0.05556 1.00000
Total 18

2Levels

IColor bands: B, Y / ‘K, rw
I Home Range Area (ha): 18508.4
~Center of Range: 14R0676573(E)/2904044(N)

[Moments] [El
Mean 22.05556
StdDcv 37.51152
StdError Mean 8.84155
Upper95%Mean 40.70949
Lower95%Mean 3.40162
N 18.00000
SumWeights 18.00000

(Frequencies ] [El
Level Count Probability Cum Prob
HF 14 0.77778 0.77778
LF 4 0.22222 1.00000
Total 18

2Levels
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[Behavi~] EEl

F

IColor bands: R, R / ‘K, iw 1
I Home Range Area (ha): 809.9 I
~enter of Range: 14R0679424(E) / 2907375(N)J

@�~1EEl
50-

40-

30-

20-i

10-1

0
-i

[Quantil~ [~requencies~EEl
Level Count Probability Cum Prob
HF 18 0.60000 0.60000
LF 4 0.13333 0.73333
WA 8 0.26667 1.00000
Total 30

3Levels

Radiofrequency961 (Piping Plover). Relocationdatafor thisploveraresummarizedabove. Behavior(foraging [F] or
roosting[RI)~distanceto water(DTW [meters]),habitatuse(highflat [HF], low flat [LF], washoverpass[WA] andbeach
[B]), color bandinformationandwinter rangeestimatesarepresented.

F

HabitatI EEl

WAWA

LF

HF

LF

~quencies~] EEl —

Level Count Probability Cum Prob
F 30 1.00000 1.00000
Total 30

1 Levels

HF

~omen~] W
Mean 7.26667
StdDcv 10.65423
StdErrorMean 1.94519
Upper95%Mean 11.24499
Lower95%Mean 3.28834
N 30.00000
Sum\Vcights 30.00000
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R
150-

Color bands: rw, B / ‘K, \‘

Home Range Area (ha): 3837.5
Center of Range: l4R 0681231(E) I 2898226(N)

Radiofrequency965 (Piping Plover). Relocationdatafor thisploveraresummarizedabove. Behavior(foraging [F] or
roosting[R]), distanceto water(DTW [meters]),habitatuse(high flat [HF], low flat [LF], washoverpass[WA] andbeach
[B]), color bandinformationandwinter rangeestimatesarepresented.

R
125-

100-

F

WA

F
75-

50-

LF

Level
F
R
Total

Count
19
2

21
2Levels

HF

Probability Cum Prob
0.90416 0.90476
0.09524 1.00000

[Quantik~i

(Momen~]EEl
Mean
Std Dcv
Std Error Mean
Upper95% Mean
Lower 95%Mean

23.32500
45.96631
10.27838
44.83774

1.81226
20.00000
20.00000

N
Sum Weights

[Frequen~i~]EEl
Level Count
HF 7
LF 13
WA
Total 21

Probability
0.33333
0.61905
0.04762

Cum Prob
0.33333
0.95238
1.00000

3Levels
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R

F

~equenc~] EEl -

Level Count Probability Cum Prob
F 29 0.87879 0.87879
R 4 0.12121 1.00000
Total 33

2Levels

Color bands: B,rw ‘KR
Home Range Area (ha): 704.3
Center of Range: 14R0681876(E) 2894745(N)

~Ti~i]EEl

150-

100-

50-

0-

~anflles~

~9me~] ~

Mean 13.01515
StdDcv 32.68732
StdErrorMean 5.69013
Upper95%Mean 24.60549
Lower95% Mean 1424.81
N 33.00000
SumWeights 33.00000

[!~~c~HabitaiP] [El

~uenc1~) ~ -

Level Count Probability Cum Prob
HF 23 0.69697 0.69697
LF 10 0.30303 1.00000
Total 33

2Levcls

Radiofrequency981 (Piping Plover). Relocationdatafor thisploveraresummarizedabove. Behavior(foraging [F] or
roosting [R]),distanceto water(DTW [meters]),habitatuse(high flat [HF], low flat [LF], washoverpass[WA] andbeach
[B]), color bandinformationandwinter rangeestimatesarepresented.
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F
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[~iantilesj

[Momentsj [El
Mean 8.47619
StdDcv 16.96649
StdError Mean 3.70239
Upper95%Mean
Lower95%Mean

16.19919
0.75319

N 21.00000
SumWeights 21.00000

a
(Frequencies~[El 1 ______________________
Level Count Probability Cum Prob
F 21 1.00000 1,00000
Total 21

1 Levels

Icolor bands: ‘K Ma / rw, Ri
I Home Range Area (ha): 1733.5 I
~Center of Range: 14R 0678745 (E) / 2908266 (N)J ___________________________

Radiofrequency984 (Piping Plover). Relocationdatafor thisploveraresummarizedabove. Behavior(foraging [F] or
roosting[RI), distanceto water(DTW [meters]),habitatuse(high flat [HF], low flat [LF], washoverpass[WA] andbeach
[B]), color bandinformationandwinter rangeestimatesarepresented.

[Behavior ] EEl [DTW]EEl

F

[~EGHabitat 3 [El
70-

60-

50-

40-

30-

20-

F

j

WA

LF

HF

EWA

LF

HF

0-

(iL~requencies3 EEl —

Level Count Probability Cum Prob
HF 9 0.42857 0.42857
LF 8 0.38095 0.80952
WA 4 0.19048 1.00000
Total 21

3Levels
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[DTW] ~

(Moments][El
Mean 29.31013
StdDcv 49.00597
StdError Mean 5.51360
Upper95%Mean 40.28690
Lower95% Mean 18.33335
N 79.00000
SumWeights 79.00000

LTide3~EJ
200-

100-

0-

-100-

-200-

-300-

-400-

-500-

-600-

-700-

[~iiiin tileslj

[MomentsjLIII
Mean -52.0256
StdDev 138.8621
StdError Mean 15.7230
Upper95% Mean -20.7170
Lower95%Mean -83.3343
N 78.0000
SumWeights 78.0000

[BEG Habita~]LEJ

All ForagingSnowy Plovers.Thedistanceto water(DTW [meters]),bayshoretidal amplitude(# metersinundated
abovethemeanhigh tideline) andhabitatuse(high flat [HF], low flat [LF], washoverpass[WA] andbeach[B]) history
for all markedSnowy Ploversengagedin foragingbehaviorwhenrelocated.

I—

WA

LF

[(Quantiies~]

LF

HF

HF

[Frequencie~]LIII —

Level Count Probability CumProb
HF 65 0.82278 0.82278
LF 6 0.07595 0.89873
WA 8 0.10127 1.00000
Total 79

3Levels



25-

0-

-25-

-50-

-75-

-100-

-125-

[Quanti~]

LMoments][El
Mean -69.2857
StdDcv 58,4828
StdError Mean 22.1044
Upper95% Mean -15.1981
Lower 95% Mean -123.3733
N 7.0000
SumWeights 7.0000

(IYTW1 EEl [Tide] EEl (I~EGHabitat][El

HF

[(9 uantii~j1

HF

] [

Mome~]~El

Mean 52.21429
StdDcv 32.76413
StdError Mean 12.38368
Upper95% Mean 82.51607
Lower95% Mean 2 1.91250
N 7.00000

- SumWeights 7.00000

~~quencies] [EJ
Level Count Probability Cum Prob
HF 7 1.00000 1.00000
Total 7

iLevels

All RoostingSnowy Plovers.Thedistanceto water(DTW [meters]),bayshoretidal amplitude(# metersinundated
abovethemeanhigh tide line) andhabitatuse(high flat [HF], low flat [LF], washoverpass[WA] andbeach[B]) history
for all markedSnowy Ploversengagedin roostingbehaviorwhen relocated.


